DESCRIPTION

INTRODUCTION.

GEOGRAPHY OF THE ELKTON AND WILMINGTON
QUADRANGLES.

By F. BASCOM.
LOCATION AND AREA.

The Elkton and Wilmington quadrangles, described in this
folio, lie between parallels 39° 30" and 39° 45" and meridians
75° 30" and 76°. They therefore include one-eighth of a square
degree, which in this latitude is about 460 square miles. (See
fig. 1.) The 'area lies in Cecil County, Md., New Castle
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Fiaurk 1.—Index map of Delaware and parts of adjacent States.

The location of the Elkton and Wilmington quadrangles is shown by the darker ruling (No.
211). Published folios describing other quadrangles, indicated by lighter ruling,include
Nos. 10, Harpers. Ferry; 13, Fredericksburg; 23, Nomini; 70, Washington ; 186, St. Marys;
187, Dover; 152, Patuxent; 162, Philadelphia ; 182, Choptank ; 204, Tolchester,

County, Del., Chester County, Pa., and Salem County, N. J.,
thus including parts of four States. It contains a population
of about 150,000. The city of Wilmington, which is 26 miles

southwest of Philadelphia, is in the extreme northeast corner.

of the Wilmington quadrangle, and Delaware River, which is
navigable by ocean steamers, crosses the east side of that
quadrangle.

CLIMATE, VEGETATION, AND CULTURE.

The physical features of the Elkton and 'Wilmiugton quad-
- rangles are not such as to produce great local differences in

climate; on the contrary, the climate throughout the area is

uniform. Observations made at Wilmington and Newark,
Del., in the Wilmington quadrangle, and at Woodlawn, Md.,
41 miles west of the Elkton quadrangle, indicate the normal
_weather in these quadrangles. Some of the results of these
observations are given below.

The mean annual temperature at Wilmington from 1918 to
1915, a period of 3 years, was 56.5° F. The maximum
‘monthly mean during that period was 78.6°, in July, 1913,
and the minimum monthly mean was 30.4°, in February,
1914. The average temperature in February was 34.9°; the
average in July was 77.4°; and the difference between the
coldest and the warmest months durmg these years was 42.5°.
The difference in seasonal temperature is not so great as it is
farther inland.

- The mean annual temper‘tture at Newark durmg a period of
13 years was 52.4°. The lowest monthly mean in that period
was: 28.5°, in February; and the highest monthly mean was
75.1°, in July, the average seasonal difference thus being 46.6°.
. The highest- temperature recorded in 12 years at Newark was
100°, in July, and the lowest temperature recorded in the same
period was —12°, in February. :

The mean annual temperature at Woodlawn for 11 years was
51.9° the mean temperature in January was 29.8° and the
mean temperature in July was 75.8°, the seasonal difference
thus being 46°. The highest temperature recorded in this
perlod was 100°, in July, and the lowest temperature was —10°,
in January.

1 The part of this area that lies in Maryland wae surveyed in cooperation
~with the Maryland Geological Survey.
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QUADRANGLES:!

By F. Bascom and B. L. Miller.

The first killing frost is likely to occur in this region just

after the middle of October (October 17) and the last killing .

frost just after the middle of April (April 17), leavma a perlod
of six months for safe plant growth. '

Precipitation in the Elkton and Wilmington quadrangles is
abundant and normally is equably distributed through the
year. The mean annual precipitation at Wilmington for 20
years was 42.61 inches. The mean annual precipitation at
Newark for 14 years was 43.40 inches. The mean annual
precipitation at Woodlawn for 11 years was 47.96 inches.
The months of greatest precipitation are June, July, and

‘August, when thunder showers are of frequent occurrence.

Precipitation tables for this region show .that rainfall is
likely to be abundant in all months of the year, and that,
though the variability is greatest during the crop season, no
month is without rainfall. The season of snowfall extends
from November to April, and the average annual fall is 81.7
inches. The prevailing Wmds are from the northwest and the
southwest.

Climate and soil are favorable‘ to the vigorous growth of
many kinds of forest trees, both northern and southern types.
At one time the fertile uplands were covered with splendid
forests of oak, chestnut, and beech, and ‘the streams were
fringed with the tulip tree, black walnut, and hickory, but

the 'best soils' have been cleared for agriculture, and the
abuse and neglect of the remaining forests have reduced

them to mere remnants, made up of young or defective
trees growing on barren soil or along streams. Even such
timber as survives on barren soil is being depleted by the
charcoal burner and destroyed by fires started through care-
lessness. The timber that fringes the cultivated lands, most
of it growing on good soil but in places too wet or too steep
for cultivation, is utilized as firewood and for other domestic
purposes.

Among the trees and shrubs that are native to the Elkton
and Wilmington quadrangles are pitch, scrub, and short-leaf
pine, red cedar, butternut, black walnut, hickory, willow, pop-
lar, birch, beech, chestnut, oak (13 species), elm, tulip tree,
pawpaw, mulberry, sycamore, sweet gum, locust, maple, black
gum, black cherry, redbud, dogwood, laurel, box elder, holly,
sumach, and witch hazel.

The Baltimore & Ohio Railroad, several branch lines of the
Pennsylvania system, and the Philadelphia & Reading Railroad
traverse the quadrangles, connecting the cities of the Atlantic
seaboard with one another and W1th through western and
southern routes.

Electric lines connect Delaware City and New Castle with
Wilmington and Wilmington with Kennett bquare and West
Chester, to the north.

Delaware River is a thoroughfare for- ocean and coastwise
steamers and is connected with Elk River by the Chesapeake &
Delaware Canal, which extends from Delaware City to Chesa-
peake City. Northeast and Elk rivers are navigable by coast-
wise craft below Northeast and Elkton. The quadrangles are
traversed by a network of highroads, which are in fair condi-
tion for-horse-drawn vehicles. A cement automobile road that
connects Wilmington with Baltimore passes through Newark,
Elkton, and Northeast.

Wilmington (population 110,168), the county seat of New
Castle County, Del., is the commercial and manufacturing
center of Delaware. Its factories include ‘shipyards, iron
and steel works, manufactories of carriages, railway cars and
wheels, boilers, bridges, paper-making machinery, paper,

leather, fiber, cotton, and flour. At Newport there are glue

and paint works. Newark has machine shops and fiber
mills and is the seat of Delaware State College, Delaware
College for Women, and the Delaware Agrrcultural Experi-
ment Station.

Elkton, the county seat of Cecil County, Md., contains
cotton mills, canneries, iron foundries, and boat yards. North-
east manufactures clay products and flour. ‘

PHYSIOGRAPHIC DIVISIONS OF THE REGION.

The Elkton and Wilmington quadrangles lie in two unlike
geographic divisions—the Appalachian Highlands and the
Atlantic Plain; the northwestern third of the area is included
in the Appalachian Highlands and the southeastern two-thirds
in the Atlantic Plain. (See fig. 2.) It is desirable to consider

WILMINGTON

the geographic and geologic character of these divisions in
order to comprehend the history of the Ilkton-Wilmington
area.

FI1GURE 2.—Map of the Middle Atlantic States sh owing physiographic
divisions,
The boundary between the Coastal Plain and the Pxedmont province marks the ‘fall line.”

THE APPALACHIAN HIGHLANDS.

By F. Bascom.
SUBDIVISIONS.

The Appalachian Highlands extend from the Interior Plains
on the west to the Atlantic Plain on the east and from Canada
on the north to central Georgia and Alabama on the south. In
the latitude of the Elkton and Wilmington quadrangles they are
composed of four well-defined provinces, the Appalachian Pla-
teaus, the Appalachian Valley, the Blue Ridge, and the Pied-
mont province, which extend from northeast to southwest and
within each of which the rocks, the rock structure, and the sur-
face features present a general similarity. The Appalachian
Plateaus, consisting of the dissected Allegheny Plateau, the
Cumberland Plateau, and several lower plateaus, which descend
from an eastward-facing escarpment, the Allegheny Front,
westward to the Interior Plains, form the westernmost of these
provinces. The great Appalachian Valley, comprising in
Pennsylvania and Maryland a series of valleys and interven-
ing narrow ridges, constitutes the central province. It lies
between the Allegheny Front and the Blue Ridge or, where
that is absent, the western escarpment of the Piedmont prov-
ince. The Blue Ridge stands at the eastern border of the
Appalachian Valley, separating it from a group of plateaus
which stretch away eastward and merge into the Atlantic Plain.
This group of plateaus constitutes a vast upland known as the'
Piedmont province. A small part of the Piedmont province of
the Appalachian Highlands lies within the Elkton-Wilmington
district, constituting its northwestern third. -

THE PIEDMONT PROVINCE.
GEOGRAPHY.
The Piedmont province, embracing the Piedmont Upland

and the Triassic Lowland, owes its" name to its location at the
foot of the Blue Ridge. It extends northeastward along the

~ eastern foot of the mountains until it merges into the New

England province and southwestward until it merges into the
eastern Gulf Coastal Plain, in a curve parallel to the Atlantic
coast. Its mean width is 60 miles, and its maximum width, in
its middle part, is 120 miles. '

Between the Piedmont province and the submerged eastern
margin of the continental shelf lies the Atlantic Plain, which
is about 250 miles wide. From the Massachusetts coast north-
ward the entire Atlantic Plain is submerged, forming the con-
tinental shelf, and the eastern border of the New England
upland coincides with the coast line. From Massachusetts
southward the Atlantic Plain is only in part submerged, and
the upland is separated from the coast line by the Coastal
Plain, which is of varying width. This plain dips gently east-
ward to the sea and increases in width toward the south.

The boundary between upland and plain is nearly every-

where defined by a well-marked change in geographic features
and geologic formations. Topographically the change consists
in places of an abrupt transition from a diversified upland to
a relat1vel)l simple lowland. Geologically it is marked by a

.



change from older hard crystalline rock to younger unconsoli-
dated clay, sand, and gravel. The formations of the Coastal
Plain everywhere overlap the eastern border of the upland and
in some districts are found even far inland, where they obscure
somewhat the passage from upland to plain. The margin of
the upland is indicated, however, by an abrupt decrease in the
velocity of the streams that pass from the upland to the plain,
and so generally do falls or rapids mark this margin that it has
been called the “fall line,” a term that describes it imperfectly,
for it is actually not a line but a zone of considerable width.
North of Cape Lookout the eastern border of the Coastal Plain
is deeply indented by estuaries that are the submerged lower
courses of streams which are navigable to the fall line but
which above the fall line occupy narrow rocky channels and
are not navigable. South of Cape Lookout the eastern border
of the Coastal Plain shows only shallow embayments, and the
fall line gradually rises until, in the Carolinas and in Georgia,
although falls and rapids still mark its location and furnish
power for factories, it lies considerably above tidewater.

The fall line, which is at the head of navigation and marks
the position of falls that may be utilized for water power, has
been so greatly dominant in determining the location of the
large cities of the Atlantic States that a line passing through
New York, Trenton, Philadelphia, Wilmington, Baltimore,
Washington, Fredericksburg, Richmond, Petersburg, Raleigh,
Columbia, Augusta, and Macon closely coincides with it and

“marks the boundary betweén the upland and the plain.

Though the Piedmont province exhibits great diversity of
scenery certain general features that are common to all its parts
make it a topographic unit. It consists, in brief, of a succes-
sion of gently sloping upland plains, the highest in the interior,
dissected by relatively narrow valleys and diversified by resid-
ual eminences, or monadnocks, which rise above the general
level. If the valleys were filled the upland would be con-
verted into elevated plains or plateaus sloping to the east and
southeast toward the Atlantic or to the south toward the Gulf
of Mexico.

In the northern part of the Appalachians these plateaus may

be resolved into five incomplete upland plains, which represent

old peneplains, whose history and origin are given in detail
under the heading ““Geologic history.” After a highland area
is reduced by erosion to a relatively smooth plain—that is, to a
peneplain—and then uplifted by earth movement erosion will
deepen and widen the valleys on it until eventually a new
plain is cut into the surface of the older, remnants of which,

consisting of the more resistant rocks, may be preserved on the

divides. Successive movements of uplift separated by long

periods of stability and erosion will develop a series of partial -

peneplains, the oldest of which will have been most completely
- removed and will be represented by remnants found only on
the highest levels, and the youngest will appear on the lowest
levels and will be the least developed. Intermediate peneplains
will be formed at intermediate levels and will remain in differ-
ent stages of pr eservation. '

Such a series of peneplains was long ago developed in the
northern part of the Appalachian Highlands. Remnants of
the oldest and now the highest peneplain are preserved in
the highest divides of the Appalachian Valley province. The
resistant sandstone and conglomerate of Kittatinny Mountain
conspicuously maintain remnants of this surface at an altitude
of 1,600 feet, and this peneplain has therefore been named the
Kittatinny. The Kittatinny peneplain crosses the Blue Ridge
province, where its remnants stand at altitudes of 1,900 feet

in southern Pennsylvania and 1,200 and 1,100 feet about

Reading. Whether the Kittatinny'peneplain is anywhere
preserved in the Piedmont province is questionable. - Reduced
remnants of it may appear:on Welsh Mountain, in eastern
Pennsylvania. Near the fall line, where the lowest and oldest
deposits (Patuxent formation) of the Coastal Plain overlap the
Piedmont Upland, the surface on which they lie probably
represents the Kittatinny peneplain, a fossil peneplain buried
beneath these deposits. Wherever the overlying deposits have
been removed by erosion the surface of the peneplain has been
exposed and cut away, so that the old surface does not appear
except in the immediate vicinity of these overlying deposits.
In this latitude the newly exposed surface of this peneplain
stands at an altitude of about 120 feet, but farther southwest it
rises to an altitude of 350 feet.

The next older peneplain, named the Schooley peneplain,
from a notable remnant preserved in Schooley Mountain, in
the northern Piedmont Upland, at altitudes between 1,200 and
1,300 feet, maintains about the same altitudes in the Blue
Ridge region, to the southwest, and descends in the central
Piedmont region to 800 feet. If the Schooley peneplain is
still preserved near the fall line it will be found on the border
of and beneath certain older deposits (probably the Patapsco
formation) of the Coastal Plain at altitudes of 100 to 300
feet, rising toward the southwest.

A third peneplain, which is here named the Honeybrook,
from remnants of it that are preserved on granite gneiss in
the neighborhood of Honeybrook, Pa., about 15 miles south
of Reading, stands in that region at altitudesiranging from 700

2

to 800 feet. The Honeybrook peneplain is preserved in this
latitude in the Appalachian Valley at altitudes between 700
and 800 feet, in the Blue Ridge province at 800 feet, and in
the Piedmont province at 700 feet. The Honeybrook pene-
plain appears again southeast of the fall line, where it is pre-
served by Upper Cretaceous deposits that are believed to have
been laid down upon its surface and where it is now exposed
at places from which these deposits have beén removed by
erosion. The Honeybrook peneplain has not been traced

‘north or south of eastern Pennsylvania and may not have been

of wide extent.

A fourth upland plain is found at altitudes ranging from
560 to 600 feet. This plain, which is well preserved on the
shale northeast of Harrisburg, is known as the Harrisburg
peneplain. The Harrisburg peneplain, which stands at an
altitude of 600 feet in that part of the Appalachian Valley and
the Blue Ridge, is widespread at about the same elevation in
the central Piedmont province, but on the eastern border of the
upland it descends to 500 feet. It does not appear in the fall-
line zone but is believed to descend below sea level beneath
Tertiary deposits that lie far out on the Atlantic Plain.

A fifth and widely preserved upland plain in the Pennsyl-
vania Piedmont region, ranging in height from 400 to 500 feet,
is called the early Brandywine, from deposits of the Brandy-
wine formation (formerly called. the “Lafayette formation”)
found on its border. The early Brandywine peneplain has an
elevation of 500 feet near Harrisburg, where it is developed on
a shale formation in the Gireat Valley (the most easterly valley
of the Appalachian Valley province) below the Harrisburg
peneplain, which is preserved on the same shale in that vicinity.
It crosses the Blue Ridge at the same level, and in the Pied-
mont Upland it is the most extensively preserved of the pene-
plains. It passes under early Brandywine deposits at an
altitude of 400 feet in the fall-line zone north of Wilmington.

This surface is everywhere dissected by wide U-shaped valleys
and is intersected on the southeast by slopes that face Delaware
River and the Coastal Plain. The slopes of the valleys extend
from interstream areas having an altitude of 400 feet or more
to an altitude of about 200 feet, where they abruptly end at the
brink of the inner stream gorges. The slopes facing the Coastal
Plain likewise decline from about 400 feet to about 200 feet,
where they terminate in a feebly developed scarp.

Upon this sloping surface lies in some places the lower-
level or late Brandywine gravel, and the surface is therefore
provisionally called the late Brandywine. It was developed
during a period of erosion which succeeded early Brandywine
time and .brought about the submature dissection of the early
Brandywine peneplain but did not produce a new peneplain.
Below the southeastward-facing scarp at the extreme eastern

~ border of the Piedmont Upland, there are two and in some

places three narrow terraces. These terraces, named in order
from the highest to the lowest, are called the Sunderland, the
Wicomico, and the Talbot in Maryland, where they are most
strongly developed, and the Bridgeton, Pensauken, and Cape
May in New Jersey, where they are less terrace-like. They
are clearly seen in the Piedmont Upland of Pennsylvania bor-

- dering the lower course of Delaware River. They are described
under the heading “The Coastal Plain” (p. 4).

"The five upland plains thus described constitute most of the
surface of the Piedmont province and slope gradually from
their western to their eastern border, their slope being inde-
pendent of the attitude or the hardness of the underlying rock
beds, which are so greatly folded and faulted as to be highly
complex in structure. The master streams of the upland plains
maintain courses that are also quite independent of the con-
stitution of the rock floor. The courses of the tributary
streams, on the other hand, are in a large measure adjusted to
the unequally resistant rock layers that form the floor upon
which the streams flow, and the valleys produced by thermn,
together with the intervening ridges left between the valleys,
begin to show marked conformity to the geologic structure.
The general trend of the Appalachian Highlands, which is

~ northeastward, in harmony with the strike of the beds, therefore
is in accord not with the courses of the main (antecedent).-

drainageways of the Piedmont Upland but with the courses of
the tributary (subsequent) streams. The master streams of the
Piedmont Upland—the Delaware, Susquehanna, and Potomac—
rise on the western border of the Appalachian Highland and
pursue southerly courses across the Appalachian Valley, the
Blue Ridge, and the Piedmont provinces. At the border of
the Triassic Lowland these streams turn southeastward and flow
in that direction until they reach the fall line, where, swerving
at a right angle, they pursue southwesterly and southerly

_courses to the sea. This remarkable change of direction at the

fall line will be explained under the heading “The Coastal
Plain” (p. 4).

In the region south of a line drawn from east to west north
of New Brunswick, N. J., the interstream areas are covered
with a mantle of residual soil and there are no rock ledges. In
the region north of this line the surface is mantled with glacial

. drift, the depth of which differs from place to place, reaching
. a maximum of 200 feet.

Rock ledges become increasingly

numerous and prominent toward the north, and the contour of
the surface has been formed not only by the work of streams
but by glacial erosion and glacial deposition.

The discordance of structure of the underlying rock beds
with the gently sloping surfaces of the Piedmont Upland, the
presence of residual eminences, the narrow gorges, the non-
adjustment of the master streams to the rock formations, the
deep mantle of soil and the absence of rock ledges furnish the
data upon which is based the history of the region, which is
outlined under the heading ““ Geologic history” (p. 15).

GEOLOGY.

The rocks of the Piedmont province include highly meta-
morphosed crystalline formations, unmetamorphosed consoli-
dated fragmental material, and unconsolidated fragmental
material.

The oldest formation of the Pennsylvania Piedmont region
is of igneous origin—that is, the rock crystallized from a molten
solution. Since its consolidation it has been subjected to pres-

"sure, which has altered it and produced in it a more or less -

marked lamination. Quartz, feldspar, and pyroxene are the
chief minerals in this rock, which is a granite gneiss.

Most of the later formations are of sedimentary origin and
include some of the oldest material known to have been laid
down in the sea and some of the most recently deposited.

The first sediments deposited in this Atlantic belt were argil-
laceous, calcareous, and arkosic, and were laid down in pre-
Paleozoic time. The resulting beds of argillite, limestone, and
arkose were afterward uplifted and folded and were changed to
a hard crystalline banded gneiss composed largely of quartz

~ and feldspar, a marble, and a completely crystalline mica gneiss

containing interbedded layers of mica schist. The gneisses are
known in the Pennsylvania Piedmont region as the Baltimore
gneiss, the Pickering gneiss, and the Wissahickon mica gneiss,
and in the southern Piedmont region as the Carolina gneiss.
The marbles are known as the Franklin limestone and the
Cockeysville marble. The pre-Cambrian movements which
metamorphosed these rocks were accompanied by the intrusion
of masses, sills, and dikes of molten material, which further
altered the squeezed sediments and which consolidated as
granite, syenite, trachyte, dacite, granodiorite diorite, gabbro,
pyroxenite, and peridotite. :

At the beglnmng of Paleozoic time there were deposited
upon these gneisses successively arenaceous, arenaceous-argil-
laceous, calcareous, and drgillaceous sediments. This deposi-
tion, which took place in Cambrian and Ordovician time,
extended over most if not all of the Piedmont region. The
intense folding and faulting and accompanying metamorphism
to which they have since been subjected have converted the
arenaceous material into quartzite; the arenaceous-argillaceous
sediments into mixed quartzite and mica schists, the calcareous
material into marble and calcareous schist, and the argillaceous
material into slates and mica schists.

These formations are widespread though not continuous
throughout the Piedmont Upland, and the portions of them
that lie in that region in Pennsylvania are called the Chickies
quartzite, Shenandoah limestone, and Octoraro schist. These
crystallized sediments and the associated igneous intrusive rocks
form the foundation of, the Piedmont Upland, though they
appear at the surface only in detached belts that trend north-
eastward. They have been folded in great depressed or uplifted
masses made up of .compressed synclines and anticlines with
dominant southeasterly dips, with a steep southeasterly cleavage,
and with thrust faulting. These geologic formations and struc-
tural features are not confined to the Piedmont province but
appear also in the Blue Ridge province, into which the Pied-
mont Upland merges on the west without geologic ohange
forming with the Blue Ridge a geologic unit.

Upon the eroded crystalline floor formed by these beds in the
central and northeastern parts of the Piedmont province there
were deposited, in a shallow inland basin, coarse and fine
grained ripple-marked sands, sandy mud, and mud. These
sediments show sun cracks and the tracks of animals and in
some places are rich in vegetable matter. Contemporaneously
with this deposition, which took place in Triassic time, igneous
material was intruded between the beds of sediment, or traversed
them as dikes, or was poured out in lava flows, metamorphosing
the adjacent sediments. These Triassic beds were afterward con-
solidated and uplifted- without further metamorphism. The.
uplift was accompanied by faulting and by tilting sufficient to
produce gentle dips to the west and northwest. The Triassic
formations, wherever they occur in the Piedmont province,

possess a very persistent threefold character, and the portions

of them that were laid down in Pennsylvania and New Jersey,
where they cover a large part of the province known as the
Triassic Lowland, are called the Stockton formation (conglom-
erate and sandstone), the Lockatong formation (shale and sand-
stone), and the Brunswick shale. The contemporaneous igne-
ous materials are basalt and diabase, occurring as sills, dikes, or
lava flows. These rocks strongly resist erosion and therefore
form bold ridges whose level tops preserve the older peneplains
or whose summits rise as monadnocks above later peneplains.



Such eminences are the Palisades in New York and New Jersey,
First and Second Mountains and Sourland Mountain in New
Jersey, Haycock Mountain, Rock Hill, Mount Monocacy,
~Gibraltar Hill, and many other lesser hills in Pennsylvania.

On the extreme eastern border of the Piedmont province
and in scattered outlying areas within that border the old
crystalline rocks are concealed beneath unconsolidated beds of
gravel, sand, and clay, which were deposited in an estuary and
along a former coast line during Cretaceous time. These beds
are the Patuxent and Patapsco formations (Lower Cretaceous),
and the Raritan, Magothy, Matawan, Monmouth, and Rancocas
formations (Upper Cretaceous). These formations are at many
places overlapped or overlain by sand and gravel laid down
in the Tertiary and Quaternary periods, showing that the
eastern border of the Piedmont Upland was intermittently
submerged beneath estuarine waters during these periods.
These beds of sand and gravel are the Choptank and Brandy-
wine formations (Tertiary) and the Sunderland, Wicomico, and
Talbot (Bridgeton, Pensauken, and Cape May) formations

(Quaternary).
THE ATLANTIC PLAIN.

By BENjAMIN L. MILLER.

In its physiographic and geologic relations the greater part
of these quadrangles is included in the Atlantic Plain, the
physiographic province which forms the entire eastern border
of the North American continent and which in its essential
features is strikingly different from the Piedmont province on
the west and the main bed of the Atlantic Ocean on the east.
' The eastern limit of the Atlantic Plain is marked by the edge
- of the well-defined escarpment bounding the continental shelf
on its seaward side. This edge lies at a general depth of 450
to 500 feet below sea level, but the 100-fathom line is conven-
tionally regarded as the boundary of the continental shelf.
The descent of 5,000 to 10,000 feet or more from that line to
the greater ocean depths is abrupt, amounting at Cape Hatteras
to 9,000 feet in 13 miles, a grade as steep as many found on
the flanks of the greater mountain systems. In striking con-
trast to this declivity is the comparatively flat ocean bed that
stretches eastward away from it. If it could be seen from
its base the escarpment would present the appearance of a
high mountain range having a very even sky line. Here and
there would be seen notches, probably produced by streams

that once flowed across the continental shelf, but there would

be no peaks and no serrated ridges.

On the west and northwest the Atlantic Plain is bounded by
the Piedmont province, already described. The boundary
between these two provinces is marked, as has been stated, by
the fall line, southeast of which the streams show a marked
decrease in velocity.

The Atlantic Plain is divided by the present shore line into
two parts—a submerged part, known as the continental shelf
or continental platform, and an emerged part, commonly
called the Coastal Plain. At some places the line separating
the two parts is marked by a sea cliff of moderate height, but
commonly they grade into each other with scarcely perceptible
change, the only mark of separation being the shore line.
The areas of the two parts have changed frequently during
geologic time, owing to the shifting of the shore line eastward
or westward by local or general uplifts or depressions, and
such movements may be in progress even now. Deep chan-
nels, which were probably old river valleys, the continuations
of the valleys of existing streams, have been traced entirely
across the continental shelf, at the margin of which they
appear as deep gorges. The channel opposite the mouth of
Hudson River is particularly well marked and extends almost
uninterruptedly to the edge of the shelf, over 100 miles south-
east of the present mouth of the river. A similar channel lies
opposite the mouth of Chesapeake Bay. The combined width

of the continental shelf and the Coastal Plain is fairly uni-

form along the eastern border of the continent and meas-
ures approximately 250 miles. - In Florida and Georgia the
Coastal Plain is more than 150 miles wide, whereas the conti-
nental shelf is narrow, in places, as along the eastern shore of
the Florida peninsula, only a few miles wide. Toward the
north the width of the continental shelf gradually increases
and that of the Coastal Plain decreases. Except in the region
near Cape Hatteras, where the continental shelf becomes nar-
rower and the Coastal Plain becomes correspondingly wider,
this gradual change continues as far north as southeastern
Massachusetts, beyond which the Coagtal Plain disappears
altogether through submergence. Off Newfoundland the con-
tinental shelf is about 300 miles wide. -

From the fall line the Coastal Plain has a gentle slope to the
southeast, generally not exceeding 5 feet to the mile except in
the vicinity of the Piedmont Upland, where the slope is in

places as great as 10 to 15 feet to the mile or even more. The

- continental shelf is monotonously flat, as deposition has filled
up most of the irregularities produced by erosion when this
portion formed a part of the land area. The slight elevation
of the Coastal Plain, which at few places reaches an altitude of
400 feet and is for the most part less than half that amount,

Elkton-Wilmington,
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has prevented the streams from cutting valleys of more than
moderate depth. Throughout the greater part of the area the
relief is slight and the streams flow in open valleys but little
lower than the broad, flat divides. In certain regions the
relief along the stream courses is greater, but it nowhere
exceeds a few hundred feet.

The land or Coastal Plain portion of the Atlantlc Plain is
incised by many bays and estuaries which occupy submerged
valleys carved when the land stood higher than it does now.
Delaware Bay, which covers part of the former extended val-
ley of Delaware River, and Chesapeake Bay, which occupies
the old lower valley of Susquehanna River, together with such
tributaries as Patuxent, Potomac, York, and James rivers, are
such bays and estuaries, and there are many smaller ones.
On reaching the Coastal Plain several streams that flow from
the Piedmont province turn in a direction roughly parallel to
the old coast line.

The materials of which the Coastal Plain is composed com-
prise boulders, pebbles, sand, clay, and marl, mostly loose,
though locally indurated. In age the formations range from
Cretaceous to Recent. Since the oldest formations of the
province were laid down there have been many periods of
deposition and of erosion. The sea advanced and retreated to
different lines in different parts of the region, so that few of
the formations can now be traced by outcropping beds through-
out the Coastal Plain. Different conditions thus prevailed
during each period, producing great variety in the deposits.

The structure of the Coastal Plain is extremely simple, the
overlapping beds having almost everywhere a eoutheasterly
dip. The oldest strata dip 50 to 60 feet to the mile in some
places, but the succeeding beds are progressively less steeply
inclined, and in the youngest deposits a dip of more than 10
feet to the mile is uncommon.

SURFACE FEATURES OF THE ELKTON AND
WILMINGTON QUADRANGLES.

THE PIEDMONT UPLAND.
By F. BAscowm.

RELIEF.

The northwestern third of the Elkton-Wilmington district
lies in the Piedmont province and the remainder of it in the
Coastal Plain. The Baltimore & Ohio Railroad skirts the
southeastern border of the Piedmont Upland, and the Penn-
sylvania Railroad the northwestern border of the - Coastal
Plain. The area between these railroads is a zone in which

“the formations of the Coastal Plain thinly overlap the Pied-

mont Upland and in which the streams that cut through these

- formations expose the underlying crystalline rocks. Chestnut

Hill, Tron Hill, and Grays Hill, which are composed of very
resistant rocks, are outliers of the Piedmont Upland in the
Coastal Plain. They were monadnocks on the Kittatinny,
Schooley, and Honeybrook peneplains and were high islands
in the Cretaceous sea in which sediments were deposited on the
Coastal Plain. (See fig. 3.) There are also outliers of sedi-
ments well up on the Piedmont Upland, so that this zone of
overlap has a width of nearly 5 miles.
Nw. Egg Hill
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three-fourths of a mile west of Egg Hill, and on the hills at
the western border of the Elkton quadrangle carry early
Brandywine gravel, are remnants of the early Brandywine
peneplain. Outlying remnants of this peneplain are Iron Hill
and several hills over 300 feet in altitude on Elk Neck, such
as Black Hill, Bull Mountain, and the western and southern
knobs of Hog Hills. This peneplain was once a continuous
surface. The lowlands that now interrupt it were at the time
of its formation filled to the tops of these hills with Cretaceous
rocks. Other hills on Elk Neck that are capped with late
Brandywine gravel stand at a somewhat lower level, the
base of the gravel lying on an old surface at an altitude of
about 220 feet. This surface, which is also preserved on
many hills that are not capped with gravel, is of late Brandy-
wine age and represents the late Brandywine erosion surface.
In places the upland slopes southward and southeastward
from the remnants of the early Brandywine peneplain to an
altitude of about 200 feet, where it is terminated by an
escarpment. This gentle slope also represents the late Brandy-
wine erosion surface, which embraces all the upland portion of
the Wilmington quadrangle and which is perhaps at some
places where the Patuxent has been recently removed nearly
coincident with the oldest peneplain of the Piedmont province,
the Kittatinny. The erosion that cut this late Brandywine
surface has partly removed the Cretaceous formation, uncover-
ing and at the same time cutting into the old buried Kit-
tatinny peneplain.

The three terraces that lie below the late Brandywine sur-
face and that are conspicuously developed in the Chester
quadrangle parallel to Delaware River are less sharply defined
in the Wilmington quadrangle, and the demarcation between
them is still less sharp in the Elkton quadrangle, where the
lower terraces cover considerable areas. The Sunderland scarp
and terrace may be found on the northern border of the
Wilmington quadrangle between altitudes 180 and 100 feet, but

in the Elkton quadrangle the Sunderland loses its terrace-hke :

character.

In the Wilmington quadrangle the upland passes more or
less abruptly into the Coastal Plain at about the 100-foot con-
tour line with some appearance of an escarpment. In the
Elkton quadrangle, west of Elk River, where the surface of the
Coastal Plain is abnormally high and rolling, the transition
from upland to plain is less sharp. ‘The 100-foot contour
marks the escarpment above the Wicomico terrace and the
45-foot contour the escarpment above the Talbot terrace. These
terraces are described on page 4, under the heading “The
Coastal Plain.”

DRAINAGE.

The streams of the small part of the upland that is embraced
in the Elkton and Wilmington quadrangles are not large
nor are they navigable. They are tributary to Delaware
River and to Chesapeake Bay and, named in order from
east to west, are Brandywine, Red Clay, Mill, Pike, White
Clay, Christiana, Big Elk, Little Elk, Little Northeast, and
Northeast creeks. These streams have certdin features in com-
mon—(1) they cross the upland from northwest to southeast

SE

Grays Hili ‘ Elk Neck Hills

— e m. —— i —— -— .
e — e s — ] —

—

—
-

—_—

N iy \\’\\\\ S
A 2o N =yl

-300

-300

FIGURE 3. ——Ideal section across the Coastal Plain and fall-line belt in the Elkton quadrangle, showing relations of surface features to underlying
formations. :

The relations of the Brandywine formation (Tb) on Egg Hill and Elk Neck Hills to the early Brandywine peneplain and the late Brandywme terrace are shown, as are also the relations of the
Sunderland, Wicomico, and Talbot formations to their respective terraces. Although the Raritan formation (Kr) is shown as deposited on the Honeybrook peneplain, the Patapsco formation
(Kpt) on the Schooley peneplain, and the Patuxent formation on the Kittatinny peneplain, these correlations are not fully established. .

The highest altitude of the Piedmont Upland in these
quadrangles is 510 feet, an altitude that is reached in the
extreme northwest corner of the Elkton quadrangle, about 9
miles northwest of the border of the upland, and that represents
the maximum relief in the Elkton and Wilmington quad-
rangles; the lowest altitude on the Coastal Plain is at sea level.

The Kittatinny, Schooley, and Honeybrook peneplains
probably have been completely removed from the upland of
the Elkton and Wilmington quadrangles and in the Coastal
Plain area are buried under the Patuxent, the Patapsco and "
the Raritan formations, respectively.

The surfaces at an altitude of 500 feet at Chrome, a mile
northwest of Chrome, and half a mile northeast of Chrome, in
East Nottingham, are probably remnants of the Harrisburg
peneplain. With the exception of these remnants the surface
of the Harrisburg peneplain has been completely removed
from the Elkton and Wilmington quadrangles and may be
found again only to the south of these quadrangles, where it
is buried beneath Tertiary formations.

The surfaces which stand at altitudes of 400 to 410 feet in
the interstream areas in the western part of the upland of
the Elkton quadrangle, and which at Egg Hill, on the divides

in courses that are not confined to one kind of rock but are
transverse to the general strike of the rock formations, pass-
ing indifferently from one formation to another, cutting serpen-
tine, gabbro, gneiss, and granite; (2) although they flow on
a slope sufficiently steep to cause them to cut down vertically,
they have meandering channels; and (3) they occupy rather
deep rocky gorges sunk in gently sloping open valleys, a
feature that is‘conspicuous in proportion to the capacity  of
the stream. Big Elk Creek illustrates this feature, its gorge
being 120 to 140 feet deep and the divides rising with
gentle slopes 100 feet above this gorge to the surface of the
early Brandywine peneplain, the summit of the interstream
areas. The headwaters of these creeks and of their tributaries
flow in open upland valleys.

These three features of the drainage lines—the courses
transverse to the strike of the formations, the meandering
channels, and the gently sloping terraced valleys—indicate
that the region was reduced to a peneplain and that sediments
were deposited on its depressed border before the streams were
established in their present courses. The uplift that followed
this sedimentation raised a new land surface above the sea,
a low, nearly featureless plain sloping slightly toward the
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south and southeast. The sluggish streams that then mean-
dered across this plain formed channels whose courses were
directly dependent on the gentle slope and on the local fea-
tures of the relief of the surface and were not affected by
the character of the underlying rock formations. These mean-
dering streams, however, after their courses had been well
established, cut down to the crystalline rocks, reaching them
too late to be turned aside by variations in the hardness of
those rocks. Thus wide, shallow valleys were slowly formed,
and the cover of sediments was almost wholly eroded, even from
the crests of the divides. Then followed a second uplift of a
few hundred feet, in consequence of which the streams cut
down more vigorously and formed rock-bound gorges within
their wide, shallow valleys. The meandering gorges now cut
in the hard rocks are thus the incised meanders of streams
formed on a gentle slope when these rocks were concealed
under a thin cover of sediment. The stronger the stream
the more clearly are these events recorded. Young head-
water and tributary streams whose courses were formed after
the second uplift flow in valleys that are not cut within outer,
wider valleys.

THE COASTAL PLAIN.
By BENJAMIN L. MILLER.
RELIEF,

GENERAL FEATURES.

The altitude of the Coastal Plain portion of the quadrangles
ranges from sea level to 442 feet above sea level. The highest
point where Coastal Plain sediments are found is on the top of
Egg Hill (altitude 442 feet), which forms an outlier of Coastal
Plain deposits resting upon and surrounded by ecrystalline
rocks of the Piedmont Upland. On Elk Neck, the peninsula
between Northeast and Elk rivers, there are several hills that
have an elevation exceeding 300 feet.

The topography of the Coastal Plain in these quadrangles
presents two distinct types, which are separated by Elk River.
In the area northwest of Elk River the topography is very irregu-
lar, rugged hills from 200 to 300 feet high are common, and
the surface slopes steeply to the large estuaries that form the
head of Chesapeake Bay. In the area southeast of Elk River
the contrast is striking; broad plains form the river divides,
most of the streams are bordered by gently sloping land, and
there are few elevations exceeding 100 feet above sea level.
This distinction is not local but applies to the land on both
sides of Chesapeake Bay, which extends for a distance of about
200 miles. The topography of Elk Neck and of the region
about Charlestown is like that of the western shore of Chesa-
peake Bay; the topography of the remaining area is like that
of the peninsula between Chesapeake Bay on the west and
Delaware River, Delaware Bay, and the Atlantic Ocean on the
east, the region that constitutes the greater portion of Delaware
and all of the Eastern Shore of Maryland and Virginia. The
striking differences in the topography of the two parts of the
province would suggest different kinds of underlying rocks.
This, however, is not the explanation of the differences, for the
same formations are found on both sides of Elk River and
on both sides of Chesapeake Bay. The differences are due,
instead, to marine planation, by which, during an earlier
period, when the land stood about 80 feet lower than it stands
now, the ocean waves were able to reduce large areas to a plain
but were halted by an uplift before the inner parts of the
Coastal Plain had been similarly reduced.

Lying between large bodies of tidewater, this region is
penetrated by estuaries which are tributary to the larger
estuaries Delaware, Elk, and Northeast rivers. On the Dela-
ware River side most of the estuaries have been choked with
silt and vegetation and converted into swamps; on the other
side many of the estuaries of Elk and Northeast rivers are still
open for a distance of several miles from their mouths. Back

LOreek 1s the most notable of these estuaries because of its size

and also because it forms one link of the water connection
between Chesapeake and Delaware bays by way of the canal
between Chesapeake City and Delaware City.

With the exception of Elk Neck the coast is low and of
rather irregular outline. The estuaries are bordered by
marshes or low-lying terraces, which pass beneath the water
with no definite topographic break except, in places, a low cliff
cut by the waves during storms or high tides.

TOPOGRAPHIC DIVISIONS.

Those parts of the Ilkton and Wilmington quadrangles that
lie within the Coastal Plain exhibit six topographic divisions,
which are generally distinet. Three of them are unusually well
marked; the others are so fragmentary that they might be over-
looked were it not for their relation to similar but larger areas
in adjoining regions. These divisions differ greatly in area but
most noticeably in elevation. Named in order of elevation they
are the tidal marshes, the Talbot terrace, the Wicomico terrace,
the Sunderland terrace, the late Brandywine terrace, and the
early Brandywine peneplain.

Tidal marshes—The lowest of these topographic divisions
consists of the tidal marshes in the valleys of most of the larger
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estuaries. These extend over a number of square miles and lie
so low that the tides frequently submerge them in part. Arti-
ficial embankments have been built at many places along both
sides of Delaware River to prevent flooding of these areas dur-
ing high tides and heavy storms. Many of these marshes that
are so protected have been drained by an elaborate system of
ditches, as indicated on the topographic map.

The small streams that flow into many of the estuaries
meander through these marshes, which are rapidly encroaching
on them. The marshes are formed by growth of sedges and
other marsh plants, which aid in filling the depressions by
obstructing the passage of mud carried in by streams and by
furnishing a perennial accumulation of vegetable débris.

Talbot terrace.—The term terrace is used in this folio in a
somewhat specialized sense to include not only the true plains
in the areas between the streams but also the extensions of the
plains into the terraces along the stream valleys.

The Talbot terrace borders the tidal marshes and ranges in
altitude from sea level to about 45 feet above it. This terrace
extends along the larger streams of both quadrangles, and it
and the tidal marshes embrace all that part of New Jersey
which lies within the Wilmington quadrangle. On the west
side of Delaware River it forms a border, from 1 to 2 miles
wide, throughout the length of the quadrangle and extends
several miles farther up Christiana, Red Lion, Dragon, and St.
Greorges creeks.

In the Elkton quadrangle the Talbot terrace is less contin-
uous but is well developed along Elk River and Back Creek
and forms an extensive flat plain, on which the town of Elkton
has been built. Along Northeast River the terrace is repre-
sented by several detached areas. The town of Northeast and
the greater part of Charlestown have been built on two rem-
nants of this terrace, which was probably at one time con-
tinuous on both sides of Northeast River, just as it is now
continuous along Delaware River.

Wicomico terrace—The Wicomico terrace lies at a h]gher
level than the Talbot and at many places is separated from it
by a low bluff or escarpment, which ranges in height from a
few feet to 15 or 20 feet. At some places this escarpment is
absent, o that there seems to be a gradual passage from the
Talbot terrace to the Wicomico. The abrupt change of slope
can be observed, however, at so many places that the line of
separation between the two terraces can be determined with
little difficulty. The base of the low bluff lies at an elevation

of about 40 feet. The Wicomico plain ranges in height from .

40 to about 100 feet and is in turn separated by another
abrupt change of slope from the next higher terrace.

The Wicomico terrace is the most pronounced topographic
feature of the Elkton and Wilmington quadrangles and covers
about one-third the entire area. It forms the main divide
between Delaware and Elk rivers and the divides between
most of the creeks. The Wicomico terrace is older than the
Talbot and has undergone greater erosion. The streams have
cut into it, making its boundary very irregular and modifying
its plainlike character in their proximity, but over the larger
divides it still presents a flat, featureless surface. In the region
immediately east of the Delaware-Maryland line there are
extensive areas where the unaided eye can scarcely distinguish
a single elevation or depression measuring in height more than
a few feet.

Notwithstanding the great amount of erosion that has so
profoundly modified the topography of Elk Neck several large
isolated areas of the Wicomico terrace still remain on the east
side of the neck, facing Elk River. The main road south of
Plum Creek runs for about 2 miles over one of the remnants
of this terrace.

The Wicomico terrace surrounds Grays Hill, Tron Hill, and

Chestnut Hill, a fact which indicates that they existed as

rocky islands near the margin of the ocean when the Wicomico
terrace was formed.

Along Delaware River the line of demarcation between the
Talbot and Wicomico terraces is not very prominent, owing
either to the inability of the Talbot waves to cut a bluff in the
Wicomico materials or to the destruction by erosion of the
escarpment common to the two terraces. In the vicinity of
Elk River the line is marked by a low bluff. A part of this
bluff stands about half a mile northwest of Elkton and can be
plainly seen from passing trains.

Sunderland terrace.—The Sunderland terrace is higher than
the Wicomico and extends from about 100 feet to about 180
feet above sea level. In this area it is at many places sepa-
rated from the Wicomico terrace by a low bluff, and at some
places farther southwest it is separated from the next higher

terrace—the late Brandywine—by a marked escarpment. In

these quadrangles the Sunderland and late Brandywine terraces
are not-sharply separated.

In the region northeast of the Wilmington quadrangle a
pronounced escarpment is cut in the crystalline rocks at the
inner margin of the Sunderland plain at an elevation of about
180 feet above sea level. Indications of a similar escarpment,
which, however, is less distinctly developed, can be seen at
several places within a few miles of Brandywine Springs. The

Sunderland deposits only here and there extend to the foot of
the escarpment.

Although the Sunderland terrace was no doubt at one time
extensive in the Elkton and Wilmington quadrangles, it is now
represented only by small detached remnants. The largest of
these remnants lie in the west part of Wilmington and in the
region immediately north of Elsmere, and smaller parts of it
are seen in a series of flat-topped hills northwest and west of
Marshallton. A few remnants are also still preserved north of
Elkton and on the eastern slopes of Elk Neck. The Sunder-
land terrace, as described in the folios on areas in southern
Maryland, is not recognizable in these quadrangles.

Late Brandywine surface.—In the Piedmont Upland the
continuation of the floor on which late Brandywine sediments
were deposited is known as the late Brandywine surface. This
surface is older and lies at a higher level than the terraces which
have been described above and has consequently been longer
subjected to erosion. Remnants of it are now found near the
small village of Elk Neck, where they are preserved under late
Brandywine gravels at an elevation of 220 feet.

Farly Brandywine peneplain.—The early Brandywine pene-
plain, which once extended far to the west on the Piedmont
Upland and covered the greater part of the portions of the
Elkton and Wilmington quadrangles that lie within the Coastal
Plain, is now preserved only on a few high hills in the area.
It forms the flat summits of the highest hills on Elk Neck and
underlies early Brandywine gravel which caps Egg Hill and
other high hills on the western border of the Elkton quad-
rangle, Where it has an elevation of 380 feet.

DRAINAGE.

General conditions.—The drainage of those parts of the
Elkton and Wilmington quadrangles that lie within the Coastal
Plain is comparatively simple, its simplicity being a result of
the relative uniformity with which the several formations of
the Coastal Plain have been eroded and the proximity of the
region to tidewater. With the exception of the tidal marshes,

‘which are drained by ditches, most of the land in the quad-

rangles is drained naturally. Some of the flatter parts of the
Wicomico terrace are drained underground. A layer of gravel
that lies beneath the surface loam and sand facilitates under-
ground drainage and obviates the necessity of artificial drainage
in regions that are too level to permit water to flow freely at
the surface.

Estuaries—The larger streams of the region are estuaries
formed by submergence, as a result of which parts of their
former valleys are occupied by tidewater. The region is so
greatly dissected by the estuaries of Delaware, Elk, and
Northeast rivers that practically all the parts of these quad-
rangles that are included in the Coastal Plain lie within 6 miles
of tidewater.

The courses of the larger streams in the Piedmont province
have already been described, and it remains to describe and
explain their courses in the Coastal Plain. Perhaps their most
striking feature is their change of direction at or near the fall
line. This change is well shown in Delaware, Susquehanna,
and Potomac rivers. Delaware River changes its southeasterly
course at Trenton and flows southwestward to Wilmington and -
thence southward to southeastward to the ocean. Susquehanna
River flows southeastward, and Chesapeake Bay, the continua-
tion of the Susquehanna, has a southwesterly course from its
head to the mouth of Patapsco River, and thence a southerly
to southeasterly course to the.ocean. Potomac River has a
southeasterly course at the fall line, from which it flows south-
ward to southwestward to the mouth of Aquia Creek and thence
southeastward to the ocean.” In all these streams the change to
the southwesterly direction takes place as they cross the fall
line, and for considerable distances their courses follow or lie
parallel to that line. The Delaware follows the fall line for 60
miles. Chesapeake Bay lies parallel to and a short distance
east of the fall line for 35 miles, and Potomac River flows par- -
allel and close to the fall line for 36 miles.

The changes in the courses of these streams may be explained
as follows: The streams assumed their present courses at the
beginning of the uplift that terminated Brandywine deposition,
and the conditions then prevailing must have determined those
courses. Before the uplift the coast line was presumably fringed

'with sand bars, as it is now from Sandy Hook to Cape Lookout.

These sand bars, which were formed by southwestward-moving
shore currents and therefore grew toward the southwest, had
pushed the stream outlets or tidal inlets farther and farther
southwestward. When the ocean retreated the streams main-
tained the courses thus established in lagoons parallel to the
coast line but extended their courses across the newly formed
Coastal Plain in a southeasterly direction, consequent upon the
slope of the plain.

Minor streams.—The estuaries that form so prominent a
feature in these quadrangles receive the waters of numerous
minor streams. At the head of each estuary there are one or
more small streams, which seem insignificant in comparison
with the bodies of water’into which they flow. Thus there are
Little Elk and Big Elk creeks, which flow into Elk River, and -




Northeast and Little Northeast creeks, which flow into the
head of Northeast River. Most of the streams that flow into
the sides of the estuaries are small, and some are sluggish,
meandering streams, such as Christiana Creek, which flows for
miles through a broad, flat-bottomed valley. The streams on
Elk Neck, however, are swifter and straighter, occupy narrow,
steep-sided valleys, and are still cutting down their beds. At
their junction with the larger bodies nearly all the minor
streams are bordered by swamps, which indicate that the
estuaries that formerly occupied their lower courses have been
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and petrographic resemblances, some of the extremely metamor-
phosed gneisses, limestones, and schists have been correlated
with Paleozoic and others with pre-Cambrian rocks. The dis-
crimination between Paleozoic and pre-Cambrian formations
that lie adjacent to one another and have been subjected to
dynamic metamorphism of the same kind and degree must
depend on evidence that has not yet been obtained.

The accompanying table shows the names, character, and
succession of these formations in Maryland, Pennsylvania,
and New York, the conclusions that have been reached as to

filled up by wash from the surrounding uplands.

their age, and the questions that are still open.

Pre Cambrian, Cambrian, and Ordovician sedimentary formations of the Piedmont le:eau in Maryland, Pennsylvania, and New York.

SoUTHEASTERN NEW YORK.

New York Citry (GeoLocic Forro 83, 1902).

‘“Hudson River slates.”

Hudson schist.

Mica schist consisting of biotite and quartz,
accompanied by garnet, staurolite, fibrolite,
and cyanite. Some authors now regard the
schist in the New York City area as pre-Cam-
brian, and apply to it the local name Man-
hattan schist.

“Wappinger limestone.”

Dark-gray fine-grained crystalline lime-
stone.

Stockbridge dolomite.

Coarsely erystalline dolomite, in places con-
taining diopside and tremolite. Some writers
now regard the dolomite in the New York
City area as of pre-Cambrian age, and apply
to it the local name Inwood limestone.

Cheshire (‘ Poughquag”) quartzite.

Silicified sandstone.

Poughquag quartzite.

Thin-bedded white to brownish quartzite.
Some writers now regard the quartzite in the
New York City area as of Pre-Cambrian age
and apply to it the local name Lowerre
quartzite.

AGE. MARYLAND. PENNSYLVANIA,
” Peach Bottom slate, Cardiff quartz- | Martinsburg shale and Oetoraro
E ite, and (in part) phyllite. schist.
o
& The phyllite consists of fine-grained fissile The schist is the more highly metamor-
2 schists composed of quartz, sericite, and | phosed equivalent of the shale; it occupies a
I chlorite. similar s 1‘a.tigra§hic position and occurs
© southeast of the shale in direction of increas-
ing metamorphism.
2] feg _ .
R Shenandoah limestone and Cockeys- | ghenandoah limestone.
b ville marble.
< E The marble is coarse grained, granular, and Medium to fine grained white and blue lime-
% 5 | magnesian and contains numerous flakes of | stone, becoming  increasingly crystalline
28 | mica. Relations unknown. Tt is tentatively ; toward the southeast.
<5 | placed with the Shenandoah limestone but
o may be older.
g Setters quartzite. Chickies quartzite.
< . .

] _Thin-bedded tourmaline-bearing and mas- | Thin-bedded tourmaline-bearing silicified
2] sive, heavy bedded white quartzite. Contains | sandstone—quartzite. Contains Lower Cam-
2 no fossils’ but is probably of Cambrian age. | brian fossils.

(&} It is not equivalent to the Chickies quartzite
but may represent a part of it.
Phyllite (in part).
Fissile schists composed of quartz, sericite,
and chlorite; consists in part of altered
voleanic rocks.
Wissahickon mica gneiss. ‘Wissahickon mica gneiss.
Coarse-grained micaceous schist and gneiss, Thoroughly crystalline quartz-mica-feld-
generally finely crinkled. Tentatively re- | spar gneiss and mica schist: possibly Cam-
garded as pre-Cambrian but may be early | brianorpossibly post-Cambrian and the equiv-
Paleozoic. alent of the Octoraro schist.
Limestone.
4 Coarsely crystalline, associated as lentils
= with gneiss and penetrated hy pegmatites.
S Possibly equivalent to Inwood limestone.
=
O .
& Quartzite.
o
P Occupies only smallareas. Possibly equiva-
lent to Lowerre quartzite.
Limestone. Franklin limestone.
‘White, medium to coarsely crystalline; Coarsely crystalline white limestone con-
interbedded in Baltimore gneiss. taining graphite and numerous silicate
minerals.
Baltimore gneiss. Baltimore gneiss.
Medium-grained quartzose gneiss; altered Sedimentary and igneous medium grained,
sedimentary rock ; feldspathic gneiss; altered | banded quartz-feldspar-mica rock and granitic
granite. gneisses, with igneous intrusives.

Manhattan schist.

Thoroughly crystalline sediment, formerhy
supposed to be the equivalent of the “Hud-

son River slates,” but of ditferent physical |

and petrographic character. By some
authors now regarded as _pre-Cambrian.
Called Hudson schist in New York City folio.

Inwood limestone.

A magnesian crystalline limestone formerly
believed to be the equivalent of the Stock-
bridge but by some authors now regarded as
pre-Cambrian.

Lowerre quartzite.

Occupies only small areas. Formerly
believed to be same as Poughquag quartzite
but by some authors now regarded as pre-
Cambrian. :

Crystalline and very impure limestone;
tremolitic: interbedded in Fordham gneiss.

Fordham gneiss.
Chiefly sedimentary. granitic and quartzose

banded gneisses and schist, with igneous
intrusives.

Rare.

Fordham gneiss.

Gray banded gneiss composed of orthoclase,
quartz, and biotite.

GEOLOGY OF THE ELKTON AND WILMINGTON
QUADRANGLES.

STRATIGRAPHY OF THE PIEDMONT UPLAND.

By F. BAscoM.

SEDIMENTARY ROCKS.
GENERAL SUCCESSION OF FORMATIONS.

The formations of the southeastern Piedmont Upland, except
the unconsolidated sediments that overlap its border and that
are described under the heading “Coastal Plain” (p. 4), are
crystalline rocks of pre-Cambrian and Paleozoic age. They
are gneisses, limestones, and schists of sedimentary origin,
and intrusive granite, dacite, granodiorite, quartz diorite,
diorite, gabbro, pyroxenite, and peridotite of igneous origin.
All the formations lie in a zone that trends northeast. The
sedimentary rocks of the upland fall into six divisions, shown
below.

System or period. Formation,
Ordovician. ___..._____ . _____.____.__.__. Octoraro schist.
Cambrian and Ordovician _____________ Shenandoah limestone.
Cambrian____________________________._ Chickies quartzite.

Franklin limestone.
Baltimore gneiss.

Wissahickon mica gneiss.
Pre-Cambrian _______________________ g

Rocks of similar lithology and age appear in the New England
States and in New York. In these States and in the Piedmont
Upland there is serious difficulty in discriminating between pre-
Cambrian limestone and highly metamorphosed Cambrian and:
Ordovician limestone, and between pre-Cambrian mica schist or
gneiss and metamorphosed Ordovician mica schist. In these
States and in the Piedmont Upland there are relatively unmeta-
morphosed Cambrian and Ordovician limestones and Ordo-
vician slate as well as more highly metamorphosed Paleozoic
limestones and schists and extremely metamorphosed pre-Cam-
brian gneisses, limestones, and schists. Finally, in addition to
these relatively unmetamorphosed, more highly metamorphosed,
and extremely metamorphosed formations of known age, there
are extremely metamorphosed gneisses, limestones, and schists
whose age is still in question. The known Paleozoic rocks
have not been found in undoubted stratigraphic continuity
with: these extremely metamorphosed gneisses, limestones, and
schists of questionable age, yet, because of similar field relations

Elkton-Wilmington,

The sedimentary rocks of the Piedmont Upland area in the
Elkton and Wilmington quadrangles are highly metamor-
phosed. They consist of a biotitic gneiss, a lenticular crystal-
line limestone or marble, and a crumpled muscovite schist.

The gneiss and schist in the Piedmont Upland of Penn-
sylvania are nearly everywhere separated from Cambrian
quartzite by an igneous unconformity — that is, the gneiss
and schist areas are marked by granitic and gabbroitic intru-
sive bodies that are not found in known Cambrian rocks.
Some Cambrian gneiss may be included in these areas, but
where structural relations do not connect such gneiss with
recognized Cambrian quartzite it has not been feasible to sepa-
rate questionable Cambrian gneiss from pre-Cambrian gneiss.

PRIE-CAMBRIAN ROCKS.
BALTIMORE GNEISS.

Distribution.—Biotitic gneiss is found in the north-central
part of the Elkton-Wilmington district, where it underlies about
36 square miles of open, arable country. This gneiss extends
northward beyond the Elkton and Wilmington quadrangles,
where it is a part of the widespread Baltimore gneiss of the
West Chester quadrangle, and on the east, south, and west it
is cut off by granite and gabbro, which are intrusive in it. The
rock is seen in a small quarry a mile northwest of Calvert, in
natural exposures on Big Elk, White Clay, and Mill creeks, and
at the Choate quarry, 3 miles northeast of Newark. In general
the gneissic banding strikes northeast and dips southeast.

Character—The gneiss is a completely crystalline, medium-’
grained granular or banded rock. Normally its constituent
minerals are distributed rather evenly through it or, excep-
tionally, quartz-feldspar layers alternate with more strongly

~ micaceous layers and with brownish-black plates of biotite,

some of which are 0.5 centimeter long and have cleavage sur-
faces parallel to the banding. Quartz, feldspar, and biotite are
its primary constituents, and magnetite, apatite, garnet, zircon,
staurolite, sillimanite, allanite, and pyrite are accessory constit-
uents. Kaolin, cordierite, chlorite, epidote, hematite, limonite,

and a zeolite, possibly scolecite, are secondary constituents. .

The feldspar is chiefly orthoclase and albite but includes some
microcline, oligoclase, and a sodic labradorite. The percentages
of the three primary constituents vary greatly. Biotite is in
places abundant but nowhere exceeds the sum of the quartz and
feldspar, and these two occur in about equal amounts.

On Mill Creek, near the contact of gabbro and gneiss, the
gneiss, which is garnetiferous, contains almond-shaped nodules
3 to 4 centimeters long, brought out in relief" by weathering.
These nodules are composed of cordierite and sillimanite.

Thickness—The thickness of the Baltimore gneiss can not
be determined. It is the oldest formation of the Piedmont
province, the floor upon which the other formations were laid
down, and its lower limit is nowhere visible. In some places
where it is associated with intrusive granite or gabbro the
gneiss appears to be very thin, and it is impossible to say
whether more deeply seated gneiss has been completely dis-
placed by intrusive bodies.

Correlation and name.—The age of the formation has been
determined from its relations to Cambrian material and to the
intrusive rocks of the Piedmont Upland. In the German-
town quadrangle, northeast of the Elkton and Wilmington
quadrangles, the gneiss is exposed at the upper end of a
pitching syncline, where it dips under a Lower Cambrian
pebbly quartzite or conglomerate. Most of the pebbles of this
conglomerate are composed of blue quartz that forms abundant
and characteristic veins in the Baltimore gneiss. The gneiss
in that area at least must be regarded as pre-Cambrian.

Near Westgrove and Avondale,! in the Coatesville quad-
rangle, north of the Elkton quadrangle, similar gneiss passes
without a conglomeratic facies into quartzose gneiss which is
presumably Cambrian and which dips under presumably Cam-
brian limestone. The gneiss in those areas may be Cambrian.

In general the biotitic gneiss is separated from Paleozoic
rocks by an igneous unconformity, and for this reason and
because it is not practicable, either by lithology or structure,

to divide it into a Cambrian and a pre-Cambrian gneiss, it is.

referred to the pre-Cambrian and is identified with the Ford-
ham gneiss of New York State and the Baltimore gneiss of
Pennsylvania and Maryland. Though the pre-Cambrian
gneiss of the Piedmont Upland of Pennsylvania and Maryland
is not stratigraphically continuous, the same name has been
applied to the formation in these States because it shows
similar stratigraphic relations and lithologic character.

PRE-CAMBRIAN LIMESTONE.

Distribution.—Pre-Cambrian limestone is exposed only in
three adjacent abandoned quarries half a mile east of Pleasant
Hill, in the northwest corner of the Wilmington quadrangle,
but presumably it underlies a narrow belt of lowland extend-

‘ing about a mile to the northeast. These quarries are known

as the Fastburne quarries and were operated many years ago,
when the stone was burned for lime.

Character and thickness.—The structure in the quarries is
anticlinal ; the strike is N. 20°-80° E.; the dip on the south-
east side of the most southerly of the three quarries is 35° SE.
and that on the northeast side is 55° NW. The limestone
appears to be interbedded with the Baltimore gneiss, which in
part overlies it and which strikes and dips with it. The lime-
stone is white and is medium to coarsely crystalline, the crystals
ranging in diameter from 0.4 to 0.7 centimeter. It is pene-
trated by a pegmatite dike. The base of the limestone is not
exposed, so that the thickness of the formation can not be
determined. In the absence of any evidence to the contrary
the limestone is regarded as a lens in the Baltimore gneiss.

Correlation.—In color and in perfection of crystallization,
as well as in its association with gneiss and -pegmatitic
material, the limestone resembles the pre-Cambrian Franklin

- limestone found in New Jersey in the Franklin Furnace

district. ~Lenses of a similar highly crystalline limestone

- are found associated with pre-Cambrian Pickering gneiss, and

with igneous intrusives and pegmatites in areas in the Bur-
lington and Phoenixville quadrangles, northeast and north
of the Elkton-Wilmington district. The limestone of these
areas is quite unassociated with any Paleozoic material and
contains graphite and numerous silicate minerals—features
that are characteristic of pre-Cambrian limestone. There
seems t0 be no reason to question the pre-Cambrian age of
these lenses of limestone. _

The age of the limestone in the Elkton-Wilmington district
is not so clearly evident, for it also resembles some highly
crystalline limestones found on Doe Run, in the Coatesville
and West Chester quadrangles, which are adjacent on the
north to the Elkton and Wilmington quadrangles. These
limestones on Doe Run are associated with Paleozoic rocks as
well as with gneiss; and they have been regarded as Paleozoic.
The limestone of this area, however, unlike the limestones of
Doe Run, is not in the line of strike with recognized Paleozoic
limestone, and because of its associations and lithologic char-
acter it is correlated with pre-Cambrian limestones and hereir

~ classified as pre-Cambrian.

1 The section at Avondale may be interpreted as follows:
Limestone.. ... _______.___ Cambrian.
Gmneiss (quartzose)._.___._._____________ l Probably Cambrian,
Wissahickon mica gneiss, including - or possibly pre-
mica schist and limestone lenses .. ___ s Cambrian.

Such an interpretation will include within the Wissahickon formation
the mica schist of the Wissahickon, the gneiss mapped as Baltimore in the
Elkton-Wilmington area, and the limestoneilens exposed at the Eastburne
quarries. '



WISSAHICKON MICA GNEISS.

Distribution.—The Wissahickon mica gneiss is found only

in the northwestern part of the Piedmont area of the Elkton-

quadrangle, where it lies above the Baltimore gneiss. In areas
farther north it is widely extended and lies in contact with
Ordovician Octoraro schist.

Character.—The Wissahickon formation in this area is typi-
cally a schist rather than a gneiss, for it contains a small amount
of feldspar and a large amount of mica (muscovite) and is
conspicuously foliated. It may be distinguished from the Balti-
more gneiss by its large content of muscovite, by its almost
complete lack of biotite, by its schistosity, and by its flut-
ing and folding. The muscovite, which occurs in glistening
scales, gives the rock its peculiarly lustrous or spangled aspect.
The amount of quartz and feldspar it contains differs greatly
from place to place, but neither is anywhere absent. The
quartz is fine grained; the feldspar (orthoclase and plagioclase)
occurs in large areas of the rock but is nowhere so abundant as

(it is in the Baltimore gneiss. Chlorite is a secondary constit-

uent. Within the Elkton and Wilmington quadrangles the
petrography of the schist is very simple and the accessory con-
stituents are not abundant. In this district the schist is
intruded by great masses of serpentine.

- Thackness.—The Wissahickon mica gneiss is a widespread
and important formation in areas north and northeast of the
Elkton and Wilmington quadrangles, where it must be very
thick, but variations in the thickness and character of the beds
without recognizable recurrence, as well as isoclinal folding,
make a close estimate of its thickness impossible. A rough
estimate makes it 1,000 to 2,000 feet. In the Elkton and
Wilmington quadrangles the formation has been reduced by
erosion to a thin cover, and in the more deeply eroded parts of
the upland it has been altogether removed.

Correlation and name.—The Wissabickon mica gneiss is
probably pre-Cambrian, but it may be in part Cambrian or it
may be even post-Cambrian and equivalent to the Ordovician
Octoraro schist. The only clues to its age lie in its relations
to other sedimentary formations and to igneous rocks, and in
the degree of its metamorphism. These clues are rendered less
reliable by its apparent sedimentary contact with the Ordo-
vician schist, although it lies across the strike of the schist, and
by an increase in the metamorphism of the Ordovician forma-
tion from the northwest to the southeast. The Ordovician
schist, which is a slate in areas to the northwest, is a mica
schist in areas farther southeast, and in areas still farther south-
east might be as coarsely crystalline as the Wissahickon mica
gneiss in the Elkton quadrangle.

The Wissahickon is provisionally classed as pre-Cambrian
because it is faulted in relation to the Paleozoic rocks, because
in some localities it shows lithologic transition into the Balti-
more gneiss, because it is everywhere associated with igneous
intrusions, and because it is highly metamorphosed—a fact
shown in both the character and the size of its minerals. No

“one of these features is found in known Ordovieian formations.

The name Wissahickon is derived from that of a tributary of
Schuylkill River that has cut into the mica gneiss and that
displays it in good exposures. These exposures are not in
every place typical of the Wissahickon gneiss owing to the
saturation of the gneiss by pegmatitic injections.

IGNEOUS ROCKS.
DISTRIBUTION.

The igneous rocks of the Elkton and Wilmington quad-
rangles are batholiths and dikes of granodiorite, dacite, quartz
diorite, gabbro, pyroxenite, and peridotite.

- Of the igneous origin of these rocks there can be no reason-
able doubt. Chemically, mineralogically, and texturally they
are ordinary batholithic and dike rocks, departing from the
normal types only in exhibiting a texture that is more or less
foliated. This texture is limited mainly to small intrusive
masses that have been greatly compressed or to parts of larger
masses which have been subjected to parallel injection. The
rocks of the great mass of the batholiths are granular and have
the textures and constituents of unaltered plutonic rocks.
“Similar plutonic intrusives are associated with pre-Cambrian
gneisses throughout the Atlantic province. They form a large
part of the pre-Cambrian complex of the Adirondacks; they
appear in the Highlands of New Jersey as the Byram gneiss,
Losee gneiss, and Pochuck gneiss; they continue through
Pennsylvania and Maryland; and they occur in Tennessee
and North Carolina as the Cranberry granite and Roan gneiss.

PLUTONIC ROCKS.
GRANODIORITE.

Distribution.—Granodiorite is the most widely distributed
igneous rock in the Elkton-Wilmington district. It is exposed
in a large area in the central part of the Elkton quadrangle,
and extends southward beneath Cretaceous and later sediments;
here it is exposed wherever the streams have cut deep enough
into these sediments to reach the rock floor. In the Wilming-
ton quadrangle the granodiorite is cut out by intrusions of

6

gabbro, but it reappears to the northeast in the adjacent Chester
quadrangle and in the Philadelphia district.

Character—The granodiorite group contains many rocks

that are usually known as granites but that differ from true
granites in containing a larger amount of soda-lime feldspar, or
plagioclase, than of potash feldspar, or orthoclase. The domi-
nant feldspar in true granite is orthoclase; that in quartz
diorite is plagioclase (oligoclase-andesine); quartz monzonite
contains equal or nearly equal amounts of orthoclase and pla-
gioclase; granodiorite is intermediate in mineral composition
between quartz monzonite and quartz diorite. «

Two types of granodiorite, differing in silicity, are found in
the Elkton and Wilmington quadrangles. The more silicic
type is the prevailing granodiorite, which is finely exposed in
quarries at Port Deposit and Frenchtown, on Susquehanna
River, west of the Elkton quadrangle. This rock is medium
grained, grayish white to gray, and is mottled with overlapping
scales of biotite arranged in more or less discontinuous bands,
producing a distinctly gneissoid texture. The essential con-
stituents of the rock are quartz, feldspar, and biotite, and the
accessory constituents are hornblende, apatite, zircon, titanite,
allanite, garnet, tourmaline, and magnetite.” Muscovite, epi-
dote, chlorite, and calcite are products of the decomposition of
the feldspar and biotite. The quartz is granulated, and the
feldspar, which is orthoclase, microcline, and plagioclase of the
oligoclase-andesine-labradorite series (Ab,An, to Ab,An,), is

partly altered, the orthoclase having been altered to muscovite,

which occurs in minute scales, and the plagioclase to epidote.
The rock is less distinctly porphyritic than the granodiorite
of the Philadelphia district, but the crystals of feldspar are
notably idiomorphic; the plagioclase shows zonal growth, which,
however, is obscured by the products of alteration. The
biotite scales lie in more or less parallel bands and are in part
altered to chlorite or to muscovite. Quartz constitutes about
40 per cent of the rock, feldspar 30 per cent, and the ferromag-
nesian minerals also about 30 per cent. |

Both to the north and to the south the granodiorite becomes

darker colored and less gneissoid and contains a larger percent-
age of hornblende. This less silicic type of granodiorite is
exposed on the lower courses of Big Elk and Little Elk creeks.
Feldspar, quartz, hornblende, and biotite are its essential con-

~ stituents; magnetite, apatite, zircon, titanite, and garnet are

accessory constituents; and epidote, chlorite, calcite, and mus-
covite are secondary constituents.

The quartz constitutes about 30 per cent of the rock. The
feldspar, which is orthoclase and andesine-labradorite (Ab, An ),
varies in abundance, ranging from a subordinate amount to 50
per cent of the rock. The plagioclase, which is about twice
as abundant as the orthoclase and tends to be idiomorphie, is
crowded with anhedral grains of epidote. The biotite containg
numerous inclusions of zircon, titanite, and epidote. A green
hornblende partly replaces the biotite or occurs in about the
same amount. The ferromagnesian constituents average about
20 per cent of the rock. The dominant alteration product is
epidote. In some places the rock grades into a quartz diorite.

The following analyses have been made of these two types of
the granodiorite, and from the analyses the norms have been
calculated as shown:

Analyses and norms of granodiorite, Cecil County, Md.

Analysis. 1 2 Norm. 1a %

Si0y . 78.69 | 66.68 || Quartz ____._____ 41.22 28.14
ALOg . 12.89 | 14.93 || Orthoclase ______ 8.90 12,23
FeyOf . 1.02 | 1.58 || Albite....______. 23.58 22,53
FeO__.___._____ 2. 58 8.82 || Anorthite.._.___ 18. 07 22,52
MgO ._.____..___| .50 2.19 || Diopside ________ .48 .89
CaO . -8.74 4,89 || Hypersthene ___ 5.02 9.16
Na,O ________ .. 2.81 2.65 || Magnetite._ _____ 1.39 2.82"
KO .. 1.48 2.05 || Ilmenite ____.___|___.__.___. | .91
H,O+4 .. | 1,06 1.09 || Apatite __.______| _________ .34
H,O0—_ . ___ R R .18 || Water___________ 1.06 1.25
Ti0s --ooeooo- e -50 99.72 100,29
L 10 Symbol _______. 1".8.3.4. | (DIL"4.3"4.
MnO __ .| .10 ’
BaO____ | _____ .08
SrO |l . Trace.
Li,O L ._ Trace.

99.77 | 100, 32

1. “Biotite granite,” Port Deposit, Md. Analysis made by William
Brommell in the chemical laboratory of Johns Hopkins University. Grims-
ley, G. P., The granites of Cecil County, in northeastern Maryland: Cin-
cinnati Soe. Nat. Hist. Jour., vol. 17, p. 96, 1894. )

2. ‘““Hornblende-biotite granite,” Rowlandsville, Md. Analysis by W. F.
Hillebrand, U. 8. Geol. Survey. Grimsley, G. P., op. cit., p. 88.

la. Norm of ‘“biotite granite,” Port Deposit, Md.

2a. Norm of ‘“hornblende-biotite granite,” Rowlandsville, Md.

The more silicic granodiorite is persalic, guarfelic, alkalicalcic, and
dosodic—that is, the quartz and feldspar are about equally abundant and
together greatly exceed all the other constituents. The alkalies and the
feldspathic lime are about equal, and of the alkalies soda is dominant.
The less silicic granodiorite is dosalie, quardofelic, alkalicalcie, and doso-
dic—that is, the quartz and feldspar are the dominant constituents, though
they do not so much exceed, the ferromagnesian constituents as do the
quartz and feldspar of the biotite granite. Quartz is less abundant than
feldspar, the alkalies and feldspathic lime are about equal in amount, and
of the alkalies soda is dominant. The two magmas show consanguinity in
that they are alkalicalcic and dosodie, and they show incipient differentia-
tion in that they are respectively persalic-quarfelic and dosalic-quardofelic.

" The more silicic type is a biotite grano-susquehannose, and the more basic

type is a biotite grano-harzose-tonalose. Both are members of a continuous
series that shows progressive differentiation of an alkalicaleic magma, a
fact that will appear in the discussion of the other igneous rocks.

The granodiorite has a schistosity in planes that strike N.
60° E. and dip about 30° SE., and exhibits four joint systems,
striking N. 69° W., N. 35° W., N. 25° E,, and horizontal or
nearly so. -

METADACITE.

Distribution.—The granodiorite is intruded by a fine-grained
silicic igneous rock, a metadacite, which is found in the Elkton
quadrangle in a wedge-shaped area that extends northeastward
and southeastward from Bayview. The rock is nearly every-
where concealed beneath a cover of gravel, but it is exposed at
the junction of the two branches of Stony Run'and on North-
east and Little Northeast creeks. A narrow dike of the rock
is exposed at Mechanic Valley, near Little Northeast Creek,
and a similar dike, which may be a continuation of the other,
is exposed northeast of Mechanic Valley, near Leeds.

Half a mile east of BayviewNortheast Creek dashes between
and over huge boulders of the metadacite in a series of cascades
that give a pleasant wildness and charm to the locality, which is
known as Gilpin Rocks and is utilized as a picnic ground.
The metadacite is penetrated by narrow fine-grained aplitic
dikes. .

Character—The rock is fine grained and is prevailingly
green, though in some fresh exposures it is light gray. The
fresh material is hard, compact, and aphanitic and contains
inconspicuous phenocrysts of quartz and feldspar. The green
material owes its color, its somewhat fibrous texture, and its
greater softness to hornblende, chlorite, and epidote, the forma-
tion of which has quite obscured the original character of the
rock. Y

The essential constituents of the metadacite are quartz, feld-
spar, and scanty biotite; the accessory constituents are magnet-
ite, apatite, titanite, garnet, and pyrite or pyrrhotite; the
secondary constituents are hornblende, epidote, chlorite, and
muscovite. A microscopic mosaic of granular quartz and feld-
spar containing scattered phenocrysts of quartz and feldspar
and blades of biotite or green hornblende make up the fresher
material. Quartz constitutes about 40 per cent of the rock,
feldspar 45 per cent, and all other constituents 15 per cent.
The feldspar, so far as the few minute and imperfect pheno-
crysts admit of determination, is orthoclase, albite, and oligo-
clase (Ab,An,), the plagioclase exceeding the orthoclase by
about ten to one. The amount of biotite decreases with the
development of mnearly colorless to green hornblende, which
increases rapidly in amount toward the border of the intrusive,
the metadacite finally becoming a hornblende-epidote rock with
interstitial granular quartz and feldspar and a little chlorite.

The original texture and constituents of the rock are those
of a dacite, and the extreme alteration that the rock has under-
gone are recognized in the designation metadacite.

Analysis and norm of metadacite, Cecil County, Md.

[W. F. Hillebrand, analyst.]

Analysis. Norm.

SiOp oo 5. 67 Quartz . .____________. 43.98
AlL,Og . 12, 28 Orthoclase.______._ e 4. 45
FepOg oo .85 || Albite ... 80.89
FeO 2,59 Anorthite ___._____.______ 13.07
MgO__ . __ S .87 Corundum____________.__. .82
CaO 2. 65 Hypersthene ______.______ 4.73
Na,O. ... 3.63 Ilmenite _________ .. _____ .61
K,O . .78 Magnetite ._____________. 1,16
H, 04 .29 Pyrite __ ... .12
H,O— .12 Water ___ . .41
TiOg o .29 Miscellaneous ___.______. .12
ZrOg oo None. ' —55-8_6
CO, oo Trace. Symbol, 1”.8.”3.(4)5.
POy . .05 .
S L1t
MnO_____ . .18
BaO .07
SrO. .. Trace.
Li, O . None. -

99, 93

According to the guantitative classification the rock is persalic, quar-
felic, alkalicaleic, and persodic—that is, the quartz and feldspar are much
more abundant than the ferromagnesian minerals and are about equal in
amount, the sum of the alkalies about equals the lime, and of the alkalies
soda is dominant. As the rock is transitional between subrangs 4 and 5, its
magmatic name is susquehannose-vulcanose. Biotite is an abnormative
constituent, and its texture is aphanitic, hence the rock name is biotitie
felsi-susquehannose-vulecanose. The metadacite represents a magma some-
what more differentiated than the granodiorite and therefore more silicie
and sodie.

. GABBRO.

The granodiorite is intruded and is cut out to the northeast
by masses of dark feldspathic rocks ranging from quartz diorite
to peridotite and including quartz diorite, quartz gabbro,
augite gabbro, hypersthene gabbro, hornblende gabbro, pyrox-
enite, olivine gabbro, peridotite, and serpentine. These are
apparently differentiations of the same magma and are mapped
as gabbro. Hypersthene gabbro, pyroxenite, olivine gabbro,



and peridotite are found west of Elk Mills and in Grays,
Chestnut, and Tron hills. Hornblende gabbro occurs chiefly
as intrusive dikes and along the western border of the
Wilmington area of gabbro, where it is exposed in the New
Castle County Almshouse quarry on Red Clay Creek. Quartz
diorite, augite gabbro, and hypersthene gabbro (norite) facies
are found in the northeastern part of the Wilmington quad-
rangle and are finely exposed in quarries on Brandywine
Creek in Wilmington. The Delaware Granite & Mining Co.,
whose quarry is on Brandywine Creek about three-fourths of
a mile north of the Pennsylvania Railroad, is quarrying
typical pyroxene gabbro, which by the company is called
“pyroxene quartzite.”

The rock of the Elkton-Wilmington gabbro area is made up
of so many transitional types that the formation as a whole
can not be easily characterized. The rock is darker colored
than the granodiorite and is more massive. Biotite, the prom-

inent ferromagnesian constituent of the granodiorite, is not an-

essential constituent of this rock, and the dominant feldspars
are gray caleic plagioclases. k

The rock here mapped as gabbro includes the types described
below.

Quartz Diorite,

~ Distribution.—In areas north of the Elkton and Wilming-
ton quadrangles quartz diorite is widely distributed and is a
well-recognized differentiate of gabbro. In this area it occurs
sparingly as a silicic facies of the gabbro. It is an integral
part of the gabbro intrusion, and as it grades imperceptibly
into the main body of gabbro of which it is only an insignifi-
cant part it has not been separated from that rock in the
mapping of the Wilmington quadrangle.

The quarries of the Stewart & Donahue Co., on the northern
outskirts of Wilmington and north of the Wilmington quad-
_rangle, expose a quartz diorite that is known commercially as
“Brandywine granite.”

Character—This most silicic facies of the gabbro mass is of
lighter color than the normal gabbro. One of its striking
features is its content of blue quartz, which not only is an
abundant essential constituent of the rock but occurs in veins
and segregations through it. The rock is medium to coarse
grained and contains about 30 per cent of primary quartz, 60
per cent of feldspar, and not more than 10 per cent of
pyroxene. The feldspar is chiefly andesine of approximately
the composition Ab,An,, as is indicated by its optical proper-
ties, its specific gravity, and chemical analysis. The rock con-
tains also orthoclase and a more calcic feldspar.

Pyroxene Gabbro.

The dominant type of rock in this intrusive area in the

Wilmington quadrangle is a normal pyroxene gabbro in which
the pyroxene is augite or hypersthene. This gabbro, of which
_quartz may or may not be a constituent, passes northward into
a quartz diorite, westward into a hornblende gabbro, and
southward into an olivine gabbro. It is a dark-gray medium-
grained to fine-grained rock eomposed essentially of feldspar
and pyroxene. Blue quartz veins traverse the rock, but
quartz appears only sparingly as a regular constituent. The
pyroxene, which is diopside and hypersthene, forms with mag-
netite about 55 per cent of the rock, and feldspar (dominantly
labradorite and labradorite-bytownite), accessory quartz, and
apatite form about 45 per cent. The rock is fresh and massive
and shows hypidiomorphic, inequigranular texture. The feld-
spar of the normal gabbro from the Brandywine quarries was
isolated by the specific-gravity method and analyzed in the lab-
oratory of the United States Geological Survey with the follow-
ing results:1

Analysis and recalculation of feldspar from Brandywine quarries, Wil-
mington, Del., showing a feldspar having approximately the compo-
sition Ab,An,.

1 2 1a 2,
SiOp 51,44 51,7 Orthoclase __..___ L1 | .
ALO,. . 30. 05 30.9 Albite. ... ___.__ 34.06 | 33,33
CaO .. 18.19 13.4 Anorthite ._______ 63,06 | 66,67
Na,O 4,07 4.0 CaO_ .. A5 .
KO oo R | FeyOgcmecmncns L96
Fe, 0,0 ______ e [ T IO Ignition__________ .85 | .
MgO“ . Trace. |- 99.99 | 100, 00
Ignition .. ______.____ I 1 T I,
100, 27 100, 00
Specific gravity_ ... 2.689 2.710
aInclusions.

1. Feldspar of gabbro from the Brandywine quarries. Separation made
by J. 8. Diller; analysis made by R. B. Riggs.

2. Calculated oxide percentages of Ab; An,.

la. Calculation of feldspar molecules from analysis 1.

2a. Calculation of feldspar molecules from analysis 2.

The analysis corresponds very closely to the calculated analy-
sis of a feldspar of the composition Ab, An,, which belongs
to the calcic end of the labradorite series. The feldspars vary

! Chester, F. D.. The gabbros and associated rocks in Delaware: U. S.
Geol. Survey Bull. 59, p. 12, 1890, '
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considerably, however, with variations in the silicity of the
rock, and more than one species of feldspar may be present
even in a single exposure. Accessory constituents of the
gabbro, which occur in very minor amount, are apatite, zircon,
sphene, and garnet.

Typical hypersthene gabbro is found in the exposures about
Mermaid, where the rock is somewhat darker than the normal
gabbro and of a bronzy gray color. -Hypersthene, showing some
slight alteration to hornblende, is the dominant pyroxene, but
either augite or diopside is also present. The feldspar (labra-
dorite-bytownite) constitutes from 50 to 55 per cent of the
rock and the pyroxene and magnetite from 50 to 45 per cent.
The texture is hypidiomorphic and inequigranular, and the
poikilitic fabric is characteristic, hypersthene being the
inclosing mineral and diverse prismoid feldspar the inclosed
mineral.

Olivine Gabbro.

- The gabbro of Grays Hill (locally known as Red Hill),
Chestnut Hill, and Iron Hill, northeast of Elkton, represents
the most basic type of this rock, which presumably passes by
gradation into the gabbro of the northern area, though the
exposures are separated by a cover of Pleistocene sediments.
Normally it is a dark, purplish to greenish gray, medium-
grained to coarse-grained massive rock, composed essentially of
pyroxene, the erystals of which may reach a length of 2 centi-
meters, and calcic feldspar, with or without olivine and with-
out primary quartz. The coarse-grained varieties show con-
spicaous poikilitic fabric. This normal type is -intimately
associated with pyroxenic and peridotitic types in which feld-
spar is absent. In the meadows west of Iron Hill the rock
weathers into small spheres not more than 3 to 5 inches in
diameter.

The feldspar, which is bytownite-anorthite, was separated
from the Iron Hill rock and analyzed with the following
results:?

Analysis and recalculation of feldspar from gabbro of Iron Hill, New

Castle County, Del., showing a feldspar having approximately the
composilion Ab,An,,.

1 2 1a Ra
Specific gravity.| 2.592-2,749 | 2.74-2.76 || Orthoclase_____ b i s A O
SiO, . 44,09 45.18 || Albite -_______. 8.88 7.85
Al Oy 85,41 85.84 || Anorthite _____ 87.01 92.15
[GF:X 0 J R — 18. 47 18,56 || SiO, ___._______ L06 |
Na,O_______.___ .99 . .92 || Al,Ogooo . 1,68 | oo
K,O o ________ A9 Fe,Og - Bl
Fe, 0% .. 817 N ORI | I ;Y 0 S —— W95 |
MnOe___________ Trace. |.-ceowac--.|l Ignition .______ .85 |-
Ignition .______. 285 | __10.0‘ 00 | 100.00
100. 01 100. 00
¢Inclusions.

1. Analysis of the feldspar. Separation made by J. S. Diller; analysis
by R. B. Riggs, in laboratory of U. 8. Geological Survey.

2. Calculated percentages of the oxides in the formula Ab, An,,.

This analysis indicates a feldspar of nearly the eomposition Ab;An,,—
that is, a member of the anorthite series. )

1a. Calculation of feldspar molecules from analysis 1.

2a. Calculation of feldspar molecules from analysis 2.

The ferromagnesian constituents—hypersthene, augite, and
olivine—constitute 50 to 99 per cent of the rock. The pyrox-
ene, which is hypersthene and augite, diopside, or enstatite in
about equal amounts or with hypersthene dominant, is almost
universally altered to green hornblende. This alteration is
partial or complete, and it occurs directly or through the inter-
vention of a colorless tremolite. The alteration of augite or
diopside to hornblende is usually direct, beginning at the out-

‘side of the crystal and growing toward its center. The early

stage of the alteration shows an aggregate of hornblende
crystals; the later stages show compact green hornblende.
‘Where hypersthene is altered a colorless border of fibers
of tremolite is formed between the original pyroxene and the
green hornblende. The development of these amphibole
minerals from hypersthene involves also the feldspar, which
supplies the lime and alumina. Therefore, where the alter-
ation is complete, not only has the pyroxene disappeared but
also most of the feldspar, and the rock is an amphibolite.

The olivine shows the characteristic alteration to serpentine,
and associated with the olivine gabbro and peridotite are
serpentines which must have originated from the olivinitic
rocks, although transitional types have not been found. Such
serpentines occur in the railway cut southwest of Iron Hill
station on the Philadelphia, Baltimore & Washington Rail-
road. The rock which underlies the Patapsco formation is a
grayish-green serpentine that crumbles in the fingers and is
evidently metamorphosed from a coarse-grained peridotite.
Associated with the crumbling boulders of serpentine is an

olivine gabbro containing about 45 per cent of feldspar and .

a hornblende gabbro in which all the original pyroxene has
altered to hornblende. Also associated with these serpentines
as a final product of alteration is a siliceous ‘“honeycomb”
ironstone, containing cellular cavities the walls of which are
coated with yellow chalcedony.

? Chester, F. D., op. cit., p. 28,

Hornblende Gabbro or Metagabbro.

As has been already stated, the western border of the gabbro
area near Wilmington and the gabbro intrusives and dikes of
the Elkton quadrangle that lie north of and penetrate the
granite are dominantly hornblende-bearing rocks. Rock of
this type, which is known as metagabbro, because the horn-
blende is secondary, is quarried 2} miles west of Elsmere, at
the New Castle County Almshouse quarry. It is also exposed
a mile south of that quarry, on Red Clay Creek, at Marshallton;
on Pike Creek at Choate; and on the southeast slope of Iron
Hill, all localities in the Wilmington quadrangle. It is the pre-
vailing type in the Elkton quadrangle.

The metagabbro is a medium-grained dark-green rock con-
taining an excess of hornblende or of epidote. Its texture is
generally more schistose than granular. The crystals of horn-
blende have in some places attained a length of a centimeter or
more. Feldspar is invariably present, though in some places it
has been largely replaced by epidote as well as by hornblende.

The hornblende, which occurs in fibrous green crystals or in
compact blades having a more or less parallel arrangement, is

believed to be secondary to a pyroxene that is presumably

augite. Though no pyroxene is found in these rocks, all
stages of the change of augite to hornblende have been observed
in the gabbro at Wilmington. The hornblende constitutes 45
to 55 per cent of the rock. The epidote is secondary both to
hornblende and to feldspar; secondary quartz is present and
primary quartz may or may not be present.

The feldspar is normally labradorite; the accessory constitu-
ents are biotite, magnetite, apatite, and pyrite.

Analyses of Gabbro.

The following analyses have been made of the gabbro from
the district adjacent to the Elkton quadrangle on the west.?
1 and 2 represent the silicic type of gabbro, 4 the less silicic
type, and 3 a pyroxenite. The pyroxenite contains a higher
percentage of silica than the hypersthene gabbro, but it is
quartz free and perfemic, a fact clearly brought out by the
quantitative system of classification, which places the rock in

Class V.

Analyses and norms of gabbros from Cecil County, Md.

[W. F. Hillebrand, analyst.]

ANALYSES.
1 2 3 4
Si0g o 58, 57 55.16 53.21 48, 02
ALO, . 16.10 17.51 1.94 20, 01
Fe,Og oo 2.89 2. 62 1.44 1.18
FeO o . 6.12 5,88 7,92 7.29
MgO_ 2.88 - 4.85 20,178 10. 05
CaO ________________ ‘ 7.89 8. 50 13.12 11,42
Na,O . __________ 211 1.88 1 .51
K,O ________________ 1.01 1,08 o7 .06
H, O+ 1.27 2.01 .87 .57
H,O— . ________. .21 .18 .14 .10
1 v (0 P 1.4 . .64 . 26 .23
ZrOg . .09 .02 Trace. None.
COyp e None. .| None. .10 .R5
, POy .87 .21 Trace. " | Trace.
FeS, - ________ Trace. .03 .03 I
CryOp ool None. Trace. .20 .03 (. 027)
V3Os oo - .02 (. 018) . 04 (. 086) .03 (. 084) .02 (. 019)
NiO . None. .01 .03 .01
MnO . .18 .15 .22 .18
BaO . ____ Trace. Trace. None. None.
SrO______________ ___| Trace. Trace, None. None.
LiOe . Trace. Trace. Trace. | None.
100, 07 100. 17 100, 47 99. 98
" . Specific gravity._..._ 2.890 2.902 ||
' NORMS.
1a 2a, 3a 4a
Quartz__._______.____ 21. 60 18.80 | 0. 60
Orthoclase...___.___ 6.12 6.12 0. 56 56
Albite ... 17.82 15. 20 1,056 4,19
Anorthite ..._______ 31,41 36.70 4,45 51,99
Diopside -_____._._. 2.82 3.86 48,21 8,83
Hypersthene _.__.___ 11,50 16. 80 42,08 . 85.65
Olivine . || L4 L
Magnetite ... _...__ 4,18 3.7 2.09 1.62
Ilmenite ........____ 2,74 1,22 .46 .46
Apatite.__...._.____ 1,01 B4 ..
Chromite_____ .| | .22 e
Pyrite ... .. B F 03 03 11
Water ._____________ 1.48 2.19 1.01 .67
Miscellaneous ______ 11 o7 .16 .81
100. 29 | 100, 04 100, 46 100. 09

1. “Quartz-bibtite metagabbro,” foundry on .Stone Run, Cecil County,.

Md.
2. “‘Quartz-biotite metagabbro,” Porters Bridge, Octoraro Creek, Ceeil

County, Md.
3. Pyroxenite (websterite), Oakwood, Cecil County, Md.
4, Hypersthene gabbro (norite), McKinsey’s Mill, Cecil County, Md.
la. Norm of 1. Biotitic hornblende-grano-bandose, 11.4.4.4.
2a. Norm of 2. Biotitic hornblende-grano-bandose, 11.4.4.4.
3a. Norm of 8. Augite-grano-cecilose, V.1.1.2.”2.
4a. Norm of 4. Grano-kedabekase, "111.5.5.0.(1.1.1.2).

. ‘*Leona.rd, A. G., Basic rocks of northeastern Maryland: Am. Geolo-
gist, vol. 28, pp. 146, 151-152, 159, 1901. S
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The biotitic-hornblende-grano-bandose, Nos. 1 and 2, represents the more
silicic type of the gabbro. The feldspar is labradorite of about the composi-
tion Ab; An,, and the rock is therefore a true gabbro and not a diorite, as
it was at one time called because of the presence in it of hornblende, a con-
stituent which is secondary to the original pyroxene. The magma is dosalie,
quardofelic, docaleic, and dosodic—that is, quartz and feldspar are the
dominant constituents, the feldspar is dominant over the quartz, the lime
utilized in the feldspar is dominant over the alkalies, and of the alkalies
soda is the more abundant. Biotite is a varietal abnormative constituent
and hornblende a critical abnormative constituent, and the texture is
hypidiomorphic granular, hence the name biotitic hornblende-grano-
bandose.

The grano-kedabekase represents the hypersthene gabbro, the less silicic
type. The feldspar belongs to the anorthite series; there are no abnorma-
tive minerals. The rock is salfemie, perfelic, percalcic—that is, the quartz
and feldspar are about equal to the ferromagnesian constituents, the feld-
spar is more abundant than the quartz, and the feldspathic lime exceeds
the sum of the alkalies. The petrographic description and the analysis of
this hypersthene-bytownite type of gabbro, though made from a sample
collected about 25 miles west of the area of gabbro in the Wilmington quad-
rangle, agrees very closely with the hypersthene gabbro of this district.

The augite-grano-cecilose is a coarse-grained.aggregate of hypersthene
and augite with a little almost pure anorthite feldspar and resembles the
pyroxenite of Iron Hill. The analysis and norm show that it is perfemic,
perpolie, permirlie, domirie, and domagnesie, which means that the ferro-
magnesian minerals are the dominant constituents of the rock, that the fer-
romagnesian silicates greatly preponderate over the oxides, that the mag-
nesia and ferrous oxide are dominant over the lime, and finally that the
magnesia is dominant over the ferrous oxide.

SERPENTINE, STEATITE, AND ASSOCIATED ALTERATION PRODUCTS (META-
PYROXENITE AND METAPERIDOTITE).

Distribution.—With the serpentine have been mapped cer-
tain dark rocks which are intimately associated with it and
which, like it, are products of the alteration of pyroxenite or
peridotite. Such rocks are hornblende, actinolite, anthophyl-
lite, tremolite, or chlorite schists, enstatite-serpentine rocks,
asbestos, and steatite schists. They are found in large irregular

oval areas near Chrome, in the northwest corner of the Elkton-

quadrangle. Some of these areas are crossed by the Pennsyl-
vania-Maryland State line, and the rocks are therefore known
as the ‘“State-line serpentines.” These rocks are noted for
their associated minerals. There are seven of these State-line
areas, in which the prevailing rock is pure serpentine. Ser-
pentine occurs also as the product of the alteration of the
gabbro of Flint Hill, Chestnut Hill, and Iron Hill. The pre-
vailing rock at Chestnut Hill and Iron Hill is gabbro in
which serpentine is only one of the secondary constituents and
is therefore not mapped separately.

Character.—Although serpentine is one of the most readily
recognized of rocks it shows the greatest variation in color and
general appearance. In color it ranges from buff or even white
to a deep emerald green or from light-yellowish green to dark
blue-green, with which are associated shades of reddish brown.
Light colors generally accompany an earthy texture and dark
colors a compact stony texture; grayish-green shades are associ-
ated with a fibrous texture, which is due to the development of
talc, asbestos, or tremolite. The rock has many irregular and
interrupted joint planes, whose surfaces are commonly slicken-
sided. A final product of the alteration of the serpentine is a
rusty yellow siliceous rock, consisting of crystalline quartz or
jasper or chalcedony or opal colored by limonite and having a
cellular or honeycomb texture due to the removal of the
magnesian silicate, illustrated by the quartz-strewn surface of

- Flint Hill, 2 miles north of Elkton. Besides the associated
" minerals already mentioned the rock contains many accessory

and secondary minerals, the most common of which are
chromic iron, magnetite, calcite, quartz, and talc (steatite).
Chrome ore was mined in the “State-line serpentines,” west
of the Elkton district, as early as 1828. Some of these chrome
©Ore mines, notably Wood’s mine, have been well-known
collecting grounds for the rarer minerals that are associated
with serpentine, such as brucite, clinochlore, deweylite, zara-
tite, picrolite, magnesite, hydromagnesite, and williamsite or
precious serpentine.
- The following analysis of serpentine rock from Mineral Hill,
Middletown, Delaware County, Pa., was made by F. A. Genth:

Analysis of serpentine from Mineral Hill, Delaware County, Pa., com-
pared with composition of pure serpentine and other serpentine.

1 2 3

810, - cema| 44,18 48,49 1 43,18
Al Oy oo e Traee, |- oo |-_.._.
FeO 1.64 | ... 1.76
MgO . 30,87 | 48.47 | 42.17
H, 04 . 12.78 | 13.04 | 12,94
Ho0— 210 | ___ |\

100.07 | 100,00 | 100, 00

1. Serpentine from Mineral Hill, Middletown, Delaware County, Pa.
Pennsylvania Second Geol. Survey Rept. C5, pt. 1, p. 120, 1885,

2. Theoretical composition of the mineral serpentine.

3. Composition of serpentine in which some of the magnesia is replaced
by ferrous oxide.

Derivation.—The derivation of serpentine from pyroxenite
(nonfeldspathic pyroxene-bearing rock) and from peridotite
(nonfeldspathic olivine-pyroxene rock) is well recognized.
Serpentine that is derived from pyroxenite is likely to be some-
what fibrous and to be associated with tremolite, anthophyllite,
smaragdite, or actinolite—minerals that represent intermediate
stages in the passage of pyroxene to serpentine. Serpentine
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that is derived from a peridotite is more massive and shows
under the microscope @i grating fabric due to the development
of the serpentine along a network of cracks in the olivine.
Olivine cores still remain in serpentine in which the alteration
is incomplete.

Topographic form.—The soil derived from serpentine, as
well as the general aspect of the country underlain by serpen-
tine, is distinctive. The sterility of “honeycomb rock” soil,
which is well known among farmers, is due as much to its
thinness and its inability to hold water as it is to its chemical
composition. Because serpentine weathers less readily than
other rocks on account of its chemical stability, and possibly
because of vertical expansion due to hydration, it forms low
hills and ridges in which the rock outcrops or is covered with
but a scanty yellowish-green soil. The “State-line serpen-
tines” give rise to hills that are locally known as “the
barrens,” and that in general present a striking contrast to
the surrounding country. A serpentine hill that stands in the
midst of a cultivated agricultural country but that is left
uncultivated because of the character of its soil may remain
relatively wild and desolate, supporting a scanty vegetation of
ground pink (Phlox subulata), cat briar, cedars, and stunted
pines. Flint Hill, 2 miles north of Elkton, is a good example
of a quartz-strewn serpentine hill.

The application of the quantitative system of classification
to the igneous rocks of the Elkton and Wilmington guad-
rangles shows that they are calcic rather than alkalic. This
statement can be extended to the pre-Cambrian igneous rocks
of the whole Pennsylvania Piedmont region. Analyses of 16
different igneous rocks found in eastern Pennsylvania and
adjacent areas in Maryland show that all except two are alkali-
calcic (5), docalcic (8), or percalcic (1); that all are presodic—
that is, sodipotassic (3) or dosodic (7) or persodic (6); and that

they form a continuous series ranging from a persalic type, in .

which quartz and feldspar dominate, to a perfemic type, in
which the ferromagnesian constituents dominate. The fact
that rocks which vary widely in silicity are constantly calcic
and presodic indicates that they are magmatically consanguin-
eous, and that the continuous variation in silica with the
maintenance of nearly constant ratios between the lime and
the alkalies and between the alkalies can be due only to
magmatic differentiation by fractional crystallization.

DIABASE AND PEGMATITE DIKES.

The granodiorite, the Wissahickon mica gneiss, and the
Baltimore gneiss are penetrated by numerous very narrow
diabase dikes, which can be traced only for short distances.
These dikes are composed of fine-grained green rocks, whose
color is due to the hornblende and chlorite which they contain.
They have not the same constituents as the diabase of the
dikes of Triassic age, are not so fresh, and are presumably
much older. Three such dikes are exposed in the granite
quarry on Stony Run, 14 miles northwest of Northeast on the
west side of the Elkton quadrangle; two of them are about
5 feet and: the third is about 10 feet in width. Diabase dikes
occur in the northern part of the Elkton quadrangle between
Little Elk Creek and Andora and about a mile east of Cowen-
town, as well as at many other places. A fine-grained diabase
dike about 10 feet wide is exposed in the Baltimore & Ohio
Railroad cut 1% miles west of Leslie, in the western part of
the Elkton quadrangle.

In this region pegmatite dikes, in which the rocks consist
mainly of coarsely crystalline feldspar, quartz, and muscovite,
are exceedingly.numerous. = They intrude all the other forma-
tions but are most abundant in the gneiss and schist, which is
at some places quite altered by multiple pegmatitic injections.
They range in width from a few inches to 200 feet. Only the
larger and more persistent dikes have been traced. Several
such pegmatite dikes are exposed along White Clay Creek,
which has cut into them. The most northerly of these dikes,
which strikes about N. 75° K., supplies in the lowlands, where
the alkali feldspar has broken down into kaolin, the clay that
is refined by the Newark China Clay Co. A mile to the north-
east another kaolinized pegmatite is worked by the Peach
Kaolin Co. Several small “spar” quarries in other pegmatites
are worked only intermittently. In most of them the feldspar
is chiefly a soda feldspar, though potash feldspar is found in
some of them, and in the rock quarried 1} miles northeast of

‘McClellandville it is the chief feldspar. Tourmaline is a com-

mon accessory mineral in these pegmatites. In a spar quarry

“on Big Elk Creek half a mile northeast of Peacedale, near the

northern limit of the Elkton quadrangle, it occurs abundantly
in crystals that measure several inches in diameter.

STRATIGRAPHY OF THE COASTAL PLAIN AREA.
» By BEnsAMIN L. MILLER.

GENERAL FEATURES.

The geologic formations that outcrop in the parts of the

Elkton and Wilmington quadrangles that lie in the Coastal
Plain range in age from Lower Cretaceous to Recent. The
Cretaceous and Quaternary systems are each represented by

several formations. All the Cretaceous formations have certain
features in common. They have a general northeasterly strike
and southeasterly dip, and each passes southeastward under the
next later one. The shore line during each submergence, with
certain exceptions to be noted, evidently lay a short distance
southeast of the position it occupied during the preceding sub-
mergence, so that the traveler going southeastward crosses the
outcrops of the formations in the order of their deposition. '

The Pleistocene deposits also strikingly resemble one another
in that they constitute terraces thatstand at different elevations
and form the topographic terraces already described.

The general sequence of the formations is shown in the fol-
lowing table:

Geologic formations of the Coastal Plain in the Eikton and Wilmington

quadrangles.
System. .| Series. Group. Formation.
Recent.
Quaternary. Talbot.
Pleistocene. Columbia. ‘Wicomico.
Sunderland.
Tertiary. Pliocene (?). Brandywine.
Monmouth.
Matawan.
Upper Cretaceous.
Magothy.
Cretaceous. Raritan.
Patapsco.
Lower Cretaceous.| Potomaec.
Patuxent.

CRETACEOUS SYSTEM.

Rocks of Cretaceous age form a continuous series of deposits
throughout the Atlantic and Gulf coastal plains and have long
been differentiated from the overlying Tertiary deposits, with
which they were first confused. Fossils that were obtained in
the excavation made for the Chesapeake & Delaware Canal
between 1824 and 1829 determined definitely the Cretaceous age
(or “Secondary ” age, as it was then termed) of these deposits.
Detailed studies made since then have shown that these strata
may be divided into several formations, which have been
included in two series—the Upper Cretaceous and the Lower
Cretaceous. Probably in no other area of equal size within

" the Coastal Plain are the Upper and Lower Cretaceous deposits

exposed in beds so various as those in the Elkton and Wilming-
ton quadrangles. The section through the canalis one of the
most instructive yet found and has contributed greatly to the
solution of many puzzling stratigraphic problems. If a tide-
level canal is constructed along this route it will undoubtedly
furnish important additional information that has long been
desired.

LOWER CRETACEOUS SERIES,
POTOMAC GROUP.

GENERAL ¥YEATURES.

The oldest deposits of the Atlantic Coastal Plain belong to
the Lower Cretaceous series. Although several deep borings
made in different parts of the Coastal Plain have reached the
pre-Cambrian or early Paleozoic metamorphic rocks that con-
stitute the “basement complex,” none of them have shown that
any deposits older than Lower Cretaceous lie in contact with
those ancient rocks. ILower Cretaceous deposits seem to extend
continuously through an area of the Coastal Plain stretching
from Pennsylvania to Alabama and crop out in the valley of
almost every large stream within that area. Some islands,
which now form Chestnut, Iron, and Grays hills, stood above
the Cretaceous sea and were not covered by these sediments.

The distinction between the Upper and the Lower Creta-
ceous has long been difficult, but recent paleobotanic studies
seem to show a rather sharp division, which is indicated in the
above table and is discussed in the following pages. '

The Lower Cretaceous series of the Elkton and Wilmington
quadrangles includes the Patuxent and Patapsco formations.
These and the Arundel formation, which is well developed
elsewhere in Maryland, constitute the Potomac group. They
consist of highly colored sands, gravels, and clays, which out-
crop in a sinuous line extending from Pennsylvania to Virginia
and beyond, passing near the cities of Wilmington, Baltimore,
Washington, and Richmond. The Potomac deposits are of
great value because of the excellent brick clays which they
contain and which have been extensively utilized in many
places. The Patuxent and Arundel formations were long
tentatively referred to the Jurassic but are now regarded as
unquestionably Cretaceous, so that there are no Jurassic rocks
in the Coastal Plain or in the eastern part of North America
unless some of the strata generally regarded as of Triassic age
may be in part Jurassic.
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PATUXENT FORMATION.

Areal distribution.—In these quadrangles the Patuxent
formation occurs in a series of disconnected areas that extend
from Stanton southwestward to the west-central border of the
Elkton quadrangle. -Although these areas are now discon-
nected, they are fragments of a deposit that was once continu-
ous over this region—fragments left by erosion or due to the
overlapping of later formations—and there is little doubt that
Patuxent strata everywhere underlie the southern parts of the
quadrangles. The formation is best exposed near Cherry Hill,
Singerly, Egg Hill, Leslie, and Bayview.

The Patuxent formation undoubtedly once covered a much
larger area of the Piedmont Upland than it does now, but
erosion has at certain places completely obliterated all traces of
it and at others the slight indications of its former presence are
not conclusive. Rounded pebbles and cobbles that may be of
Patuxent age are sparingly distributed over parts of the
upland where only crystalline rocks are represented on -the
accompanying geologic maps.

The Patuxent formation is widely distributed in the Coastal
Plain. It has been recognized almost continuously from Elk-
ton, Md., to Richmond, Va., and is again exposed at many
places along the principal streams of the Carolinas, Georgia,
and Alabama. ' '

Lithology.—The materials composing the Patuxent forma-
tion are extremely variable but are prevailingly arenaceous.
Abrupt alternations, both vertical and horizontal, of sand,
gravel, and clay may be seen in almost every well-exposed
section. At some places sand passes gradually into gravel or
clay, but at others no transition zone between beds of unlike
materials is apparent, the contacts being decidedly sharp.

Although the sands are typically white and consist of
angular to subangular grains of clear quartz, in numerous
small areas the sand grains are covered with a thin coating of
iron or manganese oxide, which imparts a pink, salmon, or pur-
plish color. The iron oxide may be deposited in sufficient quan-
tities to act as a cementing material that binds the grains together
to form a ferruginous sandstone. In general, however, the
gravel layers are cemented rather than the sands. In many
places the sands are cross-bedded, an additional indication that
they were deposited in shallow water.

The sandy strata generally contain considerable kaolinized
feldspar, forming an arkose, which, when indurated, was
designated by Rogers “feldspathic sandstone.” The sands
also at many places contain much muscovite. In a well near
Eder, at a depth of 18 feet, a layer of decidedly micaceous
loose white sand was penetrated in which many of the individ-
ual flakes were more than one-eighth inch in diameter.

The Patuxent sands are likely to be confused with the
Pleistocene sands, from which, however, they can generally be
distinguished by their more angular grains, their lighter color,
their looser character, due to the absence of particles of plastic
clay, and by their large content of kaolin.

The gravel of the Patuxent formation occurs in lenses, some
of which are as much as 20 feet thick but occupy small areas.
A gravel band commonly occurs at the base of the formation,
but the coarse lenses are by no means restricted to that horizon..
At many places near Leslie, Bayview, and elsewhere the gravel
lenses séem to be predominant in the upper strata, but this
appearance is due to the concentration of the pebbles at the
surface, the finer sands having been removed by erosion. The
pebbles of the Patuxent formation are not well sorted; almost
every deposit shows a variation in size from coarse sand to

cobbles 10 inches in diameter. The larger cobbles are decidedly .

angular and can with difficulty be distinguished from disinte-
grated fragments of the underlying crystalline rocks, especially
if they are composed of similar material. Although most of
the pebbles and cobbles of the Patuxent formation are composed
of vein quartz, which is found everywhere in the Piedmont
Upland, the formation includes many pebbles of quartzite and
sandstone, some of which contain Paleozoic fossils, and have
therefore been brought from remote sources.

At most places the matrix of the pebbles is a loose white to
buff sand, but at a few it is decidedly ferruginous and is well
adapted for use as road metal. A ferruginous gravel bed a
mile south of Bayview has been extensively worked and fur-
nishes great quantities of material for the permanent roads now
being constructed. Iron crusts and concretions are abundant in
the Patuxent in some localities in Maryland but are seldom
seen in these quadrangles.

The sands contain small and large lenses of clay, which are
commonly light in color, though locally they are highly colored
by iron compounds. The drab clays are in places lignitic and’
at some localities in the Maryland Coastal Plain they have
yielded many impressions of fossil leaves. In the Elkton and
Wilmington quadrangles.clay lenses are uncommon.

Section in railroad cut one-eighth of a mile west of Childs station, Cecil
' County, Md.
Patuxent formation : Feet.
Brownish-yellow, buff, white, or locally salmon-col-
ored arkosic angular sand containing loeally lenses
of gravel, some of which are in part cemented by
iron oxide and form a ferruginous conglomerate.__ 10-20

Elkton-Wilmington. o

., -
Patuxent formation—Continued. Feet.
Poorly assorted gravel band containing well-rounded

to decidedly angular pebbles and cobbles, the larg-
est of which are 8 inches in diameter; matrix of

arkosiesand.________ ____ ... 3-5
Irregular contact. ‘
Decayed granite gneiss, exposed.__.___ . ________________ 10-15

Organic remains.—Although the Patuxent deposits are in general
unfossiliferous because of their coarse character, nevertheless a con-
siderable flora has been collected from clay balls and lenses and the
more argillaceous sands, especially from beds of this age in the
Rappahannock and James river valleys in Virginia.

This flora includes a large element made up of survivors from the
older Mesozoic, and is rich in species and individuals referred to the
fern genera Cladophlebis and Onychiopsis. Other genera of ferns,
such as dcrostichopteris, Schizaeopsis, Scleropleris, Taeniopteris, and
Ruffordia, are less common. Remains of a variety of cycad testify to
the abundance of this type of plant, represented for the most part
in the Maryland area by the silicified trunks of Cycadeoidea, of which
several different species are known. Cycad fronds, less common in
Maryland, are abundant in the more argillaceous deposits of this
age in Virginia and include a variety of genera, such as Nilsonia,
Podozamites, Zamites, Williamsonia, Ctenopteris, Ctenopsis, and Ctenis.
Perhaps the most striking of these remains are the large forms of
Nilsonia and the splendid fronds of Dioonites.

Among the gymnosperms are species of Sphenolepsis, Baiera, Brachy-

- phyllum, Frenelopsis, Nageiopsis, Athrotaxopsis, Sequoia, and Cephalo-

taxopsis. These are for the most part genera that range from the late
Triassic to the Upper Cretaceous. They are abundant in the Patux-
ent and represent families which in the modern flora are largely
natives of other continents.

Supposed but altogether doubtful angiosperms, the most ancient
known, are represented by the genera Rogersia, Proteaephyllum, and
Ficophyllum, which perhaps should be considered the remains of
foliage of the gymnospermous order Gnetales.

The known fauna of the Patuxent is represented by a single fish
found in the James River area, but it is extremely probable that the
rich dinosaurian fauna of the overlying and closely related Arundel
formation flourished during Patuxent time, since in the west the
representatives of this fauna occur in the Morrison formation con-
formably below the Kootanie formation, which carries the repre-
sentatives of the Patuxent flora.?

So far as known no fossils have ever been found in Patuxent
strata in the Elkton and Wilmington quadrangles.

Name and correlation.—The Patuxent formation received its
name from Patuxent River, Md., in the basin of which these
deposits were first recognized as an independent formation and
systematically studied. Careful work showed that the deposits
formerly included in the Potomac “formation” were readily
separable into four distinct formations by unconformities and
by fossils.?

The correlation of the Patuxent formation was for many
years in question, and its exact age has been determined
only recently by paleobotanic investigations. The Patuxent
underlies Arundel strata, in which Marsh found many
remains of dinosaurs that he regarded as unquestionably

 Jurassic, and for this reason many geologists referred these
deposits to that period. Fontaine, in his study of the

Patuxent flora, also states that there is an ‘“overwhelming
percentage of Jurassic types,” although he refers the flora
as a whole to the Cretaceous. Berry, however, has recently
shown conclusively that the Patuxent plant remains are of
Liower Cretaceous age and correlates the formation with the
Morrison of Colorado, with part of the Knoxville of the
Pacific coast, and with the Wealden of England, Germany,
and Belgium.

Thickness.—The thickness of the Patuxent formation in this
and adjoining regions is extremely variable, owing to the
uneven surface upon which it was deposited, to the erosion
which it underwent before and since the deposition of the
Patapsco strata, and to the conditions under which the beds
were laid down.

{9In some of the areas represented on the map the formation
is less than 20 feet thick, whereas in others near by it is two
or three times as thick. Its maximum thickness in these
quadrangles is probably about 125 feet. Its maximum thick-
ness in Maryland is believed to be more than 350 feet. Well

borings  indicate a thickening in the area to the southeast,

where it is concealed beneath later deposits.

Stratigraphic relations.—The Patuxent formation rests upon
the uneven surface of the crystalline rocks of the Piedmont
Upland. This uneven erosional surface is well exhibited in
the railroad cut just west of Childs station. An examination
of the geologic maps will show that its present distribution
is only slightly governed by the height of the hills. It may
be present on one hill and entirely absent from another one of
the same height directly along the strike, and similar anomalies
can be found along the dip of the formation. It is overlain
unconformably by strata belonging to the Patapsco, Brandy-
wine, and Pleistocene formations.

The deposits strike northeast and dip south-southeast in this
region. The normal dip of the basal beds is about 60 feet to
the mile.

1 Maryland Geol. Survey, Lower Cretaceous, pp. 63-64, 1911.
2 Clark, W. B., and Bibbins, Arthur, The stratigraphy of the Potomac
group in Maryland: Jour. Geology, vol. 5, pp. 479-506, 1897.

PATAPSCO FORMATION.

Areal distribution.—The Patapsco formation is widely dis-
tributed throughout the Elkton and Wilmington quadrangles

and appears in a series of outerops extending from a point near

Wilmington southwestward to the western margin of the
Elkton quadrangle near Charlestown. There are many excel-
lent exposures in this band, which is several miles wide and
for the greater part is free from the cover of Pleistocene
gravels, sands, and loam that conceals so largely the Upper

- Cretaceous formations. The Patapsco outcrops continuously

for many miles along Christiana Creek, is typically displayed
in the vicinity of Red Lion, and is well exposed along the
north side of Grays Hill, along the Elkton-Northeast road,
especially near Bacon Hill, and in many railroad and stream
cuttings near Charlestown. The highly colored red and mot-
tled clays are so striking that few travelers on the Philadelphia,
Baltimore & Washington Railroad between Wilmington and
Baltimore fail to observe them. Southeast of this outcrop the
formation probably extends over the entire area, underlying all
the later formations. In its wider distribution the Patapsco
formation has been recognized in discontinuous outcrops from
the valley of Schuylkill River, near Philadelphia, to the valley
of the Potomac, in Virginia. :

Lithology.—The Patapsco formation is composed chiefly of
highly colored and variegated clays, interbedded with sandy
clays, sands, and gravels, the materials of different kinds grad-
ing into each other both horizontally and vertically. In many
places the sandy material in the vicinity of clay beds is
indurated to a conglomerate or to rough, irregular, pipelike
concretionary masses called “pipe ore.” The variegated clays
exhibit a great variety of rich and delicate tints in irregular
patterns. In places they grade downward or horizontally into
massive clays of chocolate, drab, and black tones, locally carry-
ing lignite and pyrite or iron ore and impressions of leaves.
The sands, which are very commonly cross-bedded, here and
there carry decomposed grains of feldspar and pellets of white
clay. A red ocher that is locally known as “paint rock” or
“paint stone” is not uncommon, and limonite with botryoidal
surfaces is found at several horizons.

At Newport the formation yields white to buff cross-bedded
muscovitic sand and a red and mottled stiff plastic clay in the
same pit. A mile southwest of Christiana there is a deposit of
extremely pure white cross-bedded quartz sand in which are
embedded here and there small lenses of white plastic clay. A
short distance east of Bacon Hill a drab clay has been exten-
sively used in the manufacture of brick. Half a mile south of
Eder there is a bed of fine white clay, about 18 feet thick, con-
taining some small flakes of muscovite. A slight mottling may

. be observed in places throughout the bed. Ina clay pit 13

miles southwest of Leslie the upper layers are white to buff and
contain numerous flakes of muscovite and a few angular clear
quartz pebbles; beneath these layers is a mottled red and white
clay that grades downward into chocolate-colored to black clay
in which are many pieces of lignite resembling charcoal.
Gravel lenses are less numerous in the Patapsco formation
than in the Patuxent, but they occur at all horizons and some
of them are go firmly ‘cemented as to form ferruginous sand-
stones and conglomerates, which are exposed at many places
along the State road between Elkton and Northeast. The

Patapsco, although predominantly consisting of highly colored:

clays, thus presents a wide range of constituents and character-
istics. ' ‘

Organic remains.—The Patapsco deposits have yielded a few speci-
mens of poorly preserved unios and an extensive flora, including
representatives of the Pteridophyta, Cycadophyta, Gymnospermae,
and Angiospermae. The ferns, cycads, and conifers represent for the
most part the dwindling remnants of the Patuxent-Arundel flora,
some species being common to all three formations and the genera
being Iargely identical. The fern genera Scleropteris, Schizacopsis
and Taeniopteris have disappeared, but Rugfordia, Cladophlebis, and
Onychiopsis are still common. Petrified remains of a species of Temp-
skya and impressions of fronds of a peculiar new genus of ferns Knowl-
tonella, are highly characteristic of this formation. Among the cycads
Podozamites and Zamites are represented, but the genera Nilsonia,
Dioonites, Ctenis, Ctenopteris, and Ctenopsis have disappeared. Silicified
trunks of Oycadeoidea have been found in the Patapsco, but it is ques-
tionable if they have not been reworked from the older formations.

Among the gymnosperms Laricopsis, Baiera, Cephalotaxopsis, and
Athrotaxopsis are no longer represented. Species of Widdringtonites
and Pinus are new and characteristic, while the genera Sequoia, Sphe-
nolepis, Brachyphyllum, and Nageiopsis are present.

The marked distinctness and more modern aspect of the Patapsco
flora is due, however, to the abundance of Dicotyledonae, which
foreshadow and were undoubtedly for the most part ancestral to the
Dicotyledonae of the Upper Cretaceous Raritan formation.

The more characteristic of these are the various species of Araliae-
phyllum, Sterculia, Cissites, Celastrophyllum, Populophyllum, etc. The
compound leaves of Sapindopsis are one of the most striking dicoty-
ledonous elements present. Three species are known, and all are
strictly confined to this horizon.®

Few Patapsco fossils have been identified from this area,
though careful search in the drab to chocolate-colored clays
would undoubtedly show the presence of a considerable flora.

3 Maryland, Geol. Survey, Lower Cretaceous, p. 71, 1911.



Zamites tenwinervis and Sphenolepis sternbergiana have been
collected from strata exposed on the flanks of Grays Hill.

- Name and correlation.—The Patapsco formation received its
name from Patapsco River, Md., in whose valley it is typically
exposed. It was first differentiated and named by Clark and
Bibbins.! Rogers included it in the “Upper Secondary,” or
“Jurasso-Cretaceous,” and Tyson included it in his “Upper
oolite.” Marsh, Fontaine, Ward, and Darton included it in
the undifferentiated Potomac, which is now separated into
several formations. The formation is correlated with the
Fuson formation of the Black Hills and -with the Albian of
Europe. '

Thickness.—Near Grays Hill the Patapsco is 130 feet thick,
but in the northern part of Elk Neck it is probably as much as
200 feet thick, although its exact thickness there is unknown.

Stratigraphic relations.—At most places in this area the
Patapsco formation rests unconformably upon strata of Patux-
ent age, but at some places it overlaps the Patuxent strata and
rests directly upon the crystalline rocks of the Piedmont
Upland. Where the overlapping is not extensive a narrow
band of Patuxent strata appears between the Patapsco and
the crystalline rocks, but elsewhere, as at Newport, Grays
Hill, and west of Northeast, the Patapsco strata lie in direct
contact with the rocks of the Piedmont Upland.

The formation is unconformably overlain by the Raritan
except on some of the stream divides, where it is covered
with thin deposits belonging to the Brandywine or Pleistocene
formations. 4

'The Patapsco formation strikes northeastward and dips
southeastward at an average rate of about 40 feet to the mile.

UPPER CRETACEOUS SERIES.

The Upper Cretaceous is well represented in the Elkton and
Wilmington quadrangles by strata that form the tops of some
of the hills on Elk Neck and are exposed in the valley of every
stream between Elk River and Delaware River. These deposits
belong to the Raritan, Magothy, Matawan, and Monmouth for-
mations. In many ways the Raritan and Magothy are similar
to the Lower Cretaceous formations, especially in their hetero-
geneous lithologic composition, but the Matawan and Mon-
mouth, which consist of much more homogeneous materials in
which glauconitic sand is a prominent constituent, are markedly
unlike the Lower Cretaceous deposits.

RARITAN FORMATION.

Areal distribution.—The Raritan formation appears in a series
of outerops that extend from Farnhurst southwestward to Bull
Mountain, on Elk Neck. East of Elk River it is exposed only
in the stream valleys, Pleistocene materials covering the divides,
but on Elk Neck, where erosion is still active, it is exposed
over large areas even to the summits of some of the highest
hills. There are good exposures on Elk Neck, where road
cuttings show undisturbed strata. One of the best exposures
in the region is just south of Farnhurst, where. the railroad has
opened a great sand and gravel pit that exposes about 30 feet
of Raritan materials. «

In its wider distribution the Raritan formation has been
recognized from Raritan Bay, N. J., to the basin of Potomac
River. It dips under the overlying strata and is believed to
extend over the entire southeastern area of the quadrangles
beneath the younger formations. ‘

Lithology.—The Raritan consists of variable materials similar
to those that form the Patuxent and Patapsco formations. In
these quadrangles the Raritan is predominantly arenaceous, in
this respect resembling the Patuxent, although the sands are
less arkosic. Clay is present in lenses in many places, but
there is an almost complete absence of the highly colored varie-
gated beds that form so prominent a feature of the Patapsco.

Gravel lenses occur at all horizons but are better sorted than
those of the Patuxent and contain few large or angular cobbles.
The coarser layers of sand and pebbles are in many places so
firmly cemented by iron oxide as to warrant their local use for
rough structural work. Where not cemented by iron the sands
and gravels are apt to be very loose, owing to the small admix-
ture of clay, and consequently are worn away by erosion with
great rapidity. Rain pillars, capped by fragments of iron crust
or small pebbles, from half an inch to 1} inches in height can
be seen in many places along the roads of Elk Neck. Near
Farnhurst the Raritan consists chiefly of gray to yellowish-
brown extremely loose sand and in places a small amount of
arkose. It includes thin bands of small pebbles, a few isolated
pebbles, and some lenses of drab to ¢hocolate-colored clay. The
chocolate-colored clays contain many poorly preserved leaf
fragments.

The Raritan deposits can not everywhere be separated with ease
from the underlying Patapsco strata, but there is much less
difficulty in separating them from those of the overlying Mago-
thy formation, which are much more uniform in character and
are less highly colored.

Paleontology.—Both animal and plant remains have been
found in the Raritan formation, but the known fauna, like that

1 Jour. Geology, vol. 5, p. 489, 1897. )
e
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of the formations of the Potomac group, is very scanty both in
individuals and species, the flora being much more abundant.
Logs of lignitized conifers exhibiting teredo borings have occa-
sionally been found, and in New Jersey the formation has
yielded some bones of a plesiosaur. No dinosaurian remains
have thus far been found in Raritan strata.

The flora of the formation includes ferns, fronds of cycads,
conifers, monocotyledons; and dicotyledons. The dicotyledons
are particularly conspicuous and are relatively modern in aspect.

The Raritan has yielded no silicified trunks of cycads, so far
as is definitely known, and in this respect its flora presents a
sharp contrast to that of the Patapsco formation.

Berry? has described the following plants from Bull Mountain,
on Elk Neck:

Pteridophyta:
Cladophlebis socialis.
Asplenium dicksonianum.
Cycadophyta:
Podozamites lanceolatus.
Angiospermophyta:
Protophyllum sternbergii.
Araliopsoides breviloba.
Araliopsoides cretacea.
Araliopsoides cretacea dentata.
Araliopsoides cretacea salisburifolia.
Diospyros primaeva.

Name and correlation.—The formation receives its name from
Raritan River, N. J., in the basin of which it is typically devel-
oped. It includes the deposits long called “ Plastic clays,” by
the New Jersey Geological Survey. The fossil plants show a
marked resemblance to forms of the Cenomanian in Europe,
and the formation is therefore regarded as representing the
initial deposits of the Upper Cretaceous.

Thickness.—In Bull Mountain, in the southwest corner of
the Elkton quadrangle, the Raritan formation attains a thick-

ness of about 200 feet, which is its greatest thickness in these

quadrangles. Owing to the gradual overlapping of the Mata-
wan toward the northeast the exposed thickness of the
Raritan in the Wilmington quadrangle is scarcely more than
50 feet. In thearea to the southwest of this region the formation
apparently has a maximum thickness of about 400 feet.
Stratigraphic relations.—The Raritan unconformably over-
lies the Patapsco formation and is separated from the overlying
Magothy by another marked unconformity. In the valley of
Red Lion Creek the Raritan is unconformably overlain by the

Matawan, which in one place completely overlaps it and rests

directly on the Patapsco. In the region of its outcrop Pleisto-
cene deposits of the Talbot, Wicomico, and Sunderland forma-
tions and Pliocene (?) deposits of the Brandywine formation
overlie the edges of the Raritan and generally conceal the
deposits from view except where erosion has removed these
later beds.

The strike and dip of the Raritan formation correspond
closely with those of the Patapsco. The normal dip of the
basal beds is about 30 feet to the mile, but this increases toward
the fall line.

MAGOTHY FORMATION.

Areal distribution.—The Magothy formation occupies only
small areas-in these quadrangles. It crops out in the valleys of

several streams between Town Point Neck and the Chesapeake &

Delaware Canal, but its principal exposures are along the canal.
Without thjs artificial excavation no one could easily gain an
adequate conception of the formation in this region. The most
easterly point at which it has been observed is at milepost 101,
about half a mile west of Summit Bridge. At one point, oppo-
site milepost 74, the Magothy is not exposed, the Matawan
extending to the water level, but it appears both east and west of
this point. Its disappearance is due to a rather sharp local
unconformity. Its failure to appear in the stream valleys
of the Wilmington quadrangle is also explained by the over-
lapping of the Matawan.

Lithology.—The Magothy formation is composed of extremely

different materials and- changes abruptly in character both

horizontally and vertically. Its most prominent constituents
are loose, light-colored sands, which usually show fine lami-
nation and in places considerable cross-bedding. They consist
of coarse rounded to subangular grains of quartz, which range
in color from pure white to a dark ferruginous brown. At
many places lenses or bands of brown: sand occur within the
light-colored sands. Normally the deposits of sand are loose,
but in places the iron derived from this and adjacent forma-
tions has cemented the grains firmly together into a hard iron
sandstone or conglomerate. ’

At some places the Magothy includes considerable clay, but
it is generally made up chiefly of sand. The clay commonly
occurs as fine laminae alternating with the layers of sand.
The clay is generally drab, but here and there it is made black
by vegetable material, which may be either finely divided or
may consist of large pieces of lignite. Thus far no bright-
colored clays have been found in the Magothy deposits.

About half a mile west of the eastern margin of the Elkton
quadrangle, opposite milepost 81, in the south bank of the

? Maryland Geol. Survey, Upper Cretaceous, pp. 102-104, 1916.

Chesapeake & Delaware Canal, there is an exposure of blue to
black plastic clay containing much lignite and many nodules
of gray siderite, the largest of which are 10 inches in diameter.
In structure they resemble septaria. The center of every |
nodule examined contained some lignite, which apparently had
caused the deposition of the iron carbonate.

A short distance east of this place, opposite milepost 83,
there is a 3}-foot layer of very loose, fine white sand, which
underlies the black lignite-bearing clay and also contains frag-
ments of lignite.

One mile east of Pivot Bridge, in the south bank of the
canal, between mileposts 67 and 68, large masses of lignite
coated or infiltrated with pyrite and marcasite are found in a
layer of black plastic clay that grades laterally into a layer of
white to chocolate-colored fine mealy sand containing small
pieces of lignite in rather definite bands. Many pieces of the

lignite show numerous teredo borings, and S. G. Morton3

reports that the workmen digging the canal found trunks of
trees, some of them 30 feet in length, which were perforated in
every direction by the teredo. Small pieces of amber are also
found with the lignite of the Magothy along the canal.

The Magothy can usually be distinguished from the under-
lying Raritan formation by its lack of massive beds of bright-
colored variegated clay and by the greater variability of its
materials. It can be more easily distinguished from the over-
lying Matawan by its lack of glauconite, though small pockets
of greensand have been found in it, by its lack of homogeneity,
and by its variations in color. Moreover, the Matawan in
Maryland generally contains considerable mica in small flakes,
whereas the Magothy contains little mica. ,

Detailed sections of the Magothy and other formations taken
along the canal are given on page 11.

Paleontology.—The only organic remains thus far recognized
in the Magothy in this area are impressions of leaves in the
drab clays that occur in thin laminae alternating with layers of
sand. Although most of these impressions are fragmentary
many of them are identifiable. At Cliffwood Point, on the
south shore of Raritan Bay, N. J., beds of this formation have
yielded a considerable flora and a marine fauna. The flora,
which was studied by Berry,4 is notably varied, including
more than a hundred species that have been described. This
flora is in many respects similar to that of the Raritan, yet it
contains 49 species that are peculiar to the Magothy in this
country and one or two that are found also in Europe. The
most common fossil plants of Cliffwood Point are imperfectly
petrified cones of Sequoia gracillima. Other common species
are Cunninghamites squamosus, Dammara cliffwoodensts, and
Sequota reichenbachr. Berry and Hollick state that the flora
of the “Cliffwood beds” shows Cenomanian characteristics.

Berry ¢ has described the following plants from the Deep
Cut of the Chesapeake &.Delaware Canal :

Angiospermophyta—Continued.
Salix lesquereuxii.
Ficus daphnogenoides.
Ficus crassipes.

Pteridophyta:
Gleichenia zippei.
Gleichenia delawarensis.
Osmunda delawarensis.

Cycadophyta: Magnolia tenuifolia.
‘Williamsonia delawarensis. Carpites liriophylli.
Coniferophyta: Cinnamomum newberryi..
Brachyphyllum macrocarpum. Laurus hollicki.
Sequoia heterophylla. Cissites newberryi.

Hedera cretacea.
Sterculia minima.
Sterculia cliffwoodensis.
Euecalyptus geinitzi.
Eucalyptus wardiana.
Geinitzia formosa. Andromeda parlatorii.
Moriconia americana. Sapotacites knowltoni.
Angiospermophyta: Diospyros rotundifolia.
Carex clarkii. Cordia apiculata.
Sabalites magothiensis. Carpolithus septloculus.
Salix flexuosa.

Sequoia reichenbachi.

Thuja cretacea. -

Juniperus hypnoides.

Widdringtonites reichii.
. Raritania gracilis.

The animal remains obtained from the Magothy at Cliffwood
Point and deseribed by Weller ¢ were inclosed in smooth con-
cretionary nodules- that were found in beds of clay or lying
loose on the beach, where they were left by the erosion of the
beds that had contained them. The nucleus of nearly every
nodule seems to have been some part of a crab. The fauna
includes the remains of great numbers of crustaceans as well as
shells of pelecypods, gastropods, and cephalopods. The most
abundant forms are the pelecypods Trigonarca sp., Pleria
petrosa, Nuculana protexta (?), Yoldia evansi, Lsocardia cliff-
woodensts, Veleda lintea, Corbula sp., and the crustacean
Tetracarcinus subquadratus. These are of considerable inter-
est, for, with the exception of a few forms obtained from the
Raritan in the same area, they are the earliest marine fossils
found in the deposits of the Atlantic Coastal Plain. Weller
states that the assemblage of forms constitutes a distinet faunule,
which more nearly resembles the faunule of the Matawan for-
mation than any other.

¢ Morton, 8. G., Synopsis of the organic remains of the ferruginous sand
formation of the United States; with geologic remarks: Am. Jour. Sei.,
1st ser., vol. 17, pp. 274-295, 1830.

4 Berry, E. W., New York Bot. Garden Bull, vol. 8, pp. 45-108, 1903;
Torrey Bot. Club Bull,, vol. 31, pp. 67-82, 1904; idem, vol. 32, pp. 43-48,
1905; New Jersey Geol. Survey Ann. Rept. for 1905, pp. 185-172, 1906.

5 Maryland Geol. Survey, Upper Cretaceous, pp. 102-104, 1918,

¢ Weller, Stuart, New Jersey Geol. Survey Ann. Rept. for 1904, pp. 133~
144, 1905.



Name and correlation.—In 1893 Darton! described certain
deposits in northeastern Maryland for which he proposed the
name Magothy, because of the excellent exposures of the beds
along Magothy River. Later work in Maryland seemed to
indicate that these deposits represented merely phases of depo-
sition within the Raritan. On this supposition most of the
beds were included in the Raritan, the fossil plants in them
were called Raritan forms, and the stratigraphic break between
these and the underlying beds was attributed to contempora-
neous erosion. In New Jersey the Magothy deposits in the
vicinity of Philadelphia were placed in the Raritan, and those
in the region of Raritan Bay, which were called the “Cliffwood
beds,” were by some geologists included in the Matawan, on
account of the glauconite and the great number of post-Raritan
plants and marine invertebrates they contain, but by others
they were assigned to the Raritan. Recent studies of the fossils
and careful stratigrapbic work in the field, however, have shown
that the Magothy should be regarded as a distinct formation,
on both stratigraphic and paleontologic grounds, and these
transitional beds from New Jersey southward have been referred
by Clark 2 to the Magothy formation as defined by Darton for
the Maryland area. Uhler? in several articles named a group
of beds the “Alternate sand series.”” Most of these beds are
now placed in the Magothy. The flora found in the beds at
Cliffwood indicates that the formation should be at least pro-
visionally correlated with the Cenomanian of Europe.

Thickness.—The maximum thickness of the Magothy forma-
tion in this area is about 40 feet, but its thickness in other
areas is extremely variable, reaching a maximum of about 100
feet. This variability is due to greater deposition in some areas
than in others and also to the removal of considerable Magothy
material from certain regions.

Stratigraphic relations.—The Magothy formation lies between
the Raritan and Matawan formations and is separated from each
by an unconformity. The line of contact between the Magothy
and the Raritan is very uneven, its irregularity indicating a
rather long interval of erosion between the periods of their
deposition. - In many places the Magothy deposits fill pockets
and old channels in the Raritan. The unconformity between
the Magothy and the Matawan is also plainly marked. Along
the Chesapeake & Delaware Canal the contact between these
formations rises and falls with respect to the water level in the
canal. The Magothy should also outcrop along some of the
tributaries of Delaware River in the vicinity of Delaware City,
but careful search has failed to discover any trace of it, and the
Matawan there overlaps the Magothy, resting on the Raritan
or even on the Patapsco. The Magothy reappears, however,
at many places farther northeast, in New Jersey. At many
places in the region of its outcrop, especially on the stream
divides, the formation is overlain by Pleistocene deposits.

The strike of the Magothy formation is northeast, or roughly
parallel to that of the other formations of the Coastal Plain.

The dip is southeastward, at a rate of about 30 to 35 feet to

the mile.
MATAWAN FORMATION.

Areal distribution.—The Matawan formation outcrops in the
valleys of many streams in a band about 2 miles in width

extending from Hamburg Cove on Delaware River to the

southern margin of the Elkton quadrangle about 2 miles south
of Chesapeake City. Throughout this area it is exposed along
the margins of the streams but is covered by younger material
as it passes under the divides. It is best exposed along the
canal, where it can be studied to advantage even if it is in some
places concealed by landslides and vegetation. It appears in
the canal cutting about 1 miles east of the Pivot Bridge and
disappears beneath the water level near the point where the canal
is crossed by the Philadelphia, Baltimore & Washington
Railroad.

The Matawan resembles the other Cretaceous formations in
dipping to the southeast beneath later deposits. It undoubt-
edly underlies ‘the entire area southeast of the line of its out-
crop. In its broader distribution through the Coastal Plain
the Matawan forms a continuous series of deposits that outcrop
from Raritan Bay to Potomac River.

Lithology.—The Matawan formation consists chiefly of
glauconitic sand intimately mixed with dark-colored clay,
and contains nearly everywhere small flakes of mica. At
some places the beds consist almost entirely of black clay;
at others the beds, particularly the upper beds, consist of
sand that ranges in color from white to dark-greenish black.
Where the glauconite has been decomposed the iron in it
oxidizes and the materials are stained reddish brown and
may even become firmly indurated by the iron oxide. Iron
pyrites is also a common constituent of the formation, and
at some places a small layer of gravel lies at its base.
Although the Matawan contains varied materials it is much

1 Darton, N. H., The Magothy formation of northeastern Maryland: Am.
Jour. Sci., 8d ser., vol. 45, pp. 407-419, 1893.

? Clark, W. B., The Matawan formation of Maryland, Delaware, and New
Jersey, and its relations to overlying and underlying formations: Am. Jour.
Sei., 4th ser., vol. 18, pp. 485-440, 1904. o

$Uhler, P. R., Maryland Acad. Sci. Trans., vol. 1, pp. 11-82, 1888; idem.,
pp. 45-61, 1889; idem, pp. 97-104, 1891, ’
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less variable than the formations of the Potomac group or the
Raritan and’ Magothy formations, and throughout its extent
in Maryland and Delaware it can generally be readily recog-
nized by the prevailing dark-colored micaceous glauconitic
sand of which it is chiefly composed. '

M. I. Goldman has made some detailed studies of Matawan
materials collected along the Chesapeake & Delaware Canal and
has given the writer permission to abstract certain of his obser-
vations and conclusions from an unpublished manuscript. In
a sample of black glauconitic clay in which there was a mini-
mum amount of mica he found that the larger quartz grains
were well rounded, though nearly all of them were much pitted
and corroded, whereas the smaller quartz grains were predomi-
nantly angular. The grains of fresh glauconite were numerous
and rounded, and the clay contained many concretions of quartz,
glauconite, and other minerals cemented by limonite. Less
abundant minerals were muscovite, decomposed feldspars, chlo-
rite, biotite, garnet, tourmaline, staurolite, rutile, magnetite,
zircon, epidote, enstatite, and kyanite. The clay contained also
considerable carbonaceous matter.

In a rather light gray, very micaceous fine-grained argilla-
ceous sand, in which no glauconite was apparent to the naked
eye, Mr. Goldman found that the larger grains were almost
exclusively mica and that the finer particles consisted of quartz,
small rounded grains of glauconite, feldspar, muscovite, biotite,
chlorite, serpentine, zircon, and small quantities of garnet, tour-
maline, enstatite, calcite, kyanite, and clay, together with abun-
dant carbonaceous matter.

In a typical sample of the Matawan formation of this region,
congisting of a dark-gray fine-grained, somewhat argillaceous
sand, showing glauconite grains under the hand lens, he found
that the predominant constituents were quartz and glauconite,
the latter in botryoidal form, and smaller amounts of garnet,
tourmaline, deep-blue chlorite, staurolite, epidote, muscovite,
biotite, rutile, and carbonaceous matter.

The following sections, taken along the canal, show the
characteristics of the Monmouth, Matawan, and Magothy as
well as the overlying Wicomico strata and their relations to
one another.

Section on south side of Chesapeake & Delaware Canal I mile east of Pivot
Bridge, between mileposts 67 and 68, New Castle County, Del.

Pleistocene: Feet.
Talbot formation:

Somewhat disturbed brownish-yellow to gray sandy

loam with band of pebbles and cobbles at base.._. 8
Upper Cretaceous:
Matawan formation:

Dark greenish-black micaceous glauconitic sand, with
small pockets consisting almost entirely of glauco-
nite, decidedly green in color; thin disecontinuous
band of small subangular quartz pebbles at base_... 3

Irregular contaect.
Magothy formation:

‘White to chocolate-colored, extremely fine, loose sand
containing small pieces of lignite in rather definite
bands. This layer grades horizontally to the west
into black plastic clay, containing much lignite.
Many pieces of lignite are coated or infiltrated with
pyrite and marcasite. Exposed to water'sedge.._. b5

~ Section on south side of Chesapeake & Delaware Canal 13 miles east of
Pivot Bridge, opposite milepost 83, New Castle County, Del.

Pleistocene: Feet.
‘Wicomico formation:
N Reworked Matawan glauconite sand.______________. 9
Band of pebbles and boulders; some angular boul-
ders as much as 3 feet in greatest diameter.______ 3

Upper Cretaceous:
Matawan formation:
, Mottled dark micaceous glauconitic sand with
blotches of lighter color: discontinuous indu-

rated ledge of ironstone 3 inches thick at base___ 15
Magothy formation:
Black plastic clay containing much lignite.________ 13
Loose fine white sand containing considerable lig-
nite e 3%
Loose yellow sand to water'sedge__ ... _____ 13

The two lower layers of this section grade horizontally (to
the west) into a layer of black plastic clay containing lignite
and siderite nodules.

Section on north side of Chesapeake & Delaware Canal three-fourths of a
mile west of Summit Bridge, between mileposts 92 and 93, New Castle
County, Del. .

Pleistocene: Feet.
‘Wicomico formation:
Loamy reworked glaueonitic sand________________ 5
Gravel and pebble lens; some pebbles 4 inches in
diameter_ . e 13
Reworked glauconitiecsand._ . ____________ _— 3
Gravel band with matrix of glauconitic sand
cemented by iron oxide in places..__.___________ 1

Upper Cretaceous:
Matawan formation:
Glauconitic sand containing much mica; a few
small pebbles at base___________________________ 3
Magothy formation:
Layer of lignite containing a little other material
in some places and.in other places a considera-
ble admixture of black plastic clay. Lignitized
‘logs have been bored by teredo. A few sider-

ite nodules at top- .. 132
Extremely fine white loose sand in which are thin
bands of plastic black clay containing lignite__ 6

Loose buff or yellowish-brown to salmon-colored
sand containing many irregular iron crusts,
some of large size. ________ . ____________o____ 9

Section on north side of Chesapeake & Delaware Canal one-thz’fd of a mile
west of Summit Bridge, near milepost 105.

Pleistocene: Feet.
‘Wicomico formation: _
Reworked glauconitic sand derived from Matawan

and containing many small pebbles_._____________ 10
Pebble and cobble band cemented by iron oxide in
places - ______ .. U — 1%

Upper Cretaceous:
Matawan formation:

Argillaceous green sand, rich yellow in color, due
to weathering

Gray (resembling a mixture of pepper and salt) to
dark-green glauconitic micaceous sand __________ 4

Gray to green glauconitic sand containing ferrugi-
nous bands and nodules from one-half to 4 inches
in diameter in which are many fossil gastropods,
pelecypods, ammonites, crab claws, and shark
teeth and a few crystals of gypsum_______________ 14

Material similar to the preceding layer but without
fossiliferous nodules and bands of ironstone. Ex-
posed to water'sedge. .. _____._________ 12

Section on north side of Chesapeake & Delaware Canal 30 rods west of
Summit Bridge, just west of milepost 116, New Castle County, Del.

Pleistocene: ' Feet.
‘Wicomico formation:
Loose coarse buff to yellow cross-bedded sand.._._._ 7

Band of pebbles and cobbles, the largest 5 inches in
diameter, in matrix of yellow sand, indurated in
places by ironoxide ______________________________ 23

Upper Cretaceous: ,
Monmouth formation:

Yellowish-green to chocolate-colored weathered
glauconitic sand containing flattened pellets of
clay and small irregular quartz pebbles __________ 33

Mottled dark-greenish black to light-green glau-
covnitic sand containing angular to subangular
quartz pebbles one-quarter inch in diameter and
waterworn pieces of lignite, some of which are 1
inch in diameter; a few fossil casts of pelecypods
and gastropods werenoted_______________________ 4

Matawan formation:
Loose gray and buff to yellow weathered micaceous

sand e 5
Loose ferruginous yellow micaceous sand contain-

ing some iron erusts_____.________________________ 4
Light to dark green micaceous glauconitic sand_._._. 10
Concealed to water'sedge________________________._ 12

Section on south side of Chesapeake & Delaware Canal one-half mile east 6f
Summit Bridge, opposite milepost 136, New Castle County, Del.

Upper Cretaceous: . Feet.
Monmouth formation:
‘Weathered yellowish-brown indurated glauconitic
sand, forming rather firm iron sandstone ledges
from 6 to 12 inches in thickness; locally pockets
of fresh glauconitic sand are present_____________ 3
Matawan formation:
Gray to yellow fine micaceous sand, grading into

underlying stratom..________ _____________________ 10
Ferruginous yellowish-brown sand containing crab

elaws e 2
Dark bluish-black argillaceous glauconitic sand.

Exposed to water'sedge._________________________ 43

Paleontology.—Although the Matawan formation as a whole
is not extremely fossiliferous, it contains bands in which organic
remains are crowded together in great abundance. In New
Jersey as well as in Maryland the formation has yielded a
varied fauna of foraminifers, pelecypods, gastropods, scapho-
pods, and ammonites.*

During the excavation of the Chesapeake & Delaware Canal,
between 1824 and 1829, many fossils were found. These fossils
were described by S. G. Morton in publications of that period,
and some new forms have been described more recently. Mor-
ton mentions a specimen of Ammonites placenta, found in the
Deep Cut of the canal, that measured 2 feet in diameter and
another one that measured 15 inches. Fossils, mainly hard-
ened internal casts, can now be found with little difficulty in
the Deep Cut of the canal near Summit Bridge.

The following forms from the Chesapeake & Delaware
Canal have been described: 5

Vertebrata: ) Mollusca—Continued.
Pisces: Pelecypoda:
Lamna elegans. Nucula slackiana.
Lamna cuspidata. Yoldia longifrons.
Corax faleatus. Cucullaea vulgaris.
* Ischyrhiza mira. Cucullaea carolinensis.

Arthropoda: Arca (Barbatia) nandi.
Crustacea: Glycimeris mortoni.
Holoparia gabbi. Pinna laqueata.

Ostrea larva falecata.
Exogyra costata.
Exogyra cancellata.
Exogyra ponderosa.
Gryphaea (Pyenodonte)
vesicularis.
Pecten venustus.
Pecten quinquecostata.
Paranomia scabra.
Paranomia lineata.
Anomia argentaria.
Modiolus burlingtonensis.
Lithophaga ripleyana.
Pholadomya oceidentalis.
Liopistha alternata.
Veniella conradi.
Crassatellina carolinensis.
Tenea parilis.
Cardium eufaulense.
Cardium spillmani.
Cardium dumosum (?).
Cardium kiimmeli.

Holoparia gladiator.
Callianassa mortoni.
Callianassa clarki.
Callianassa sp.
Mollusca:

Cephalopoda:
Baculites ovatus.
Baculites asper.
Pachydiscus complexus.
Placenticeras placenta.
Mortoniceras delawarensis.

Gastropoda:
Avellana bullata.
Xancus intermedia.
Pyropsis perlata.
Anchura rostrata.
Laxispira lumbricalis.
Turritella delmar.
Turritella encrinoides.
Xenophora leprosa.
Gyrodes petrosus:
Amauropsis meekana.

4+Clark, W. B., Bagg, R. M., and Shattuck, G. B., Upper Cretaceous for-
mations of New Jersey, Delaware, and Maryland: Geol. S8oc. America Bull.,
vol. 8, pp. 330-331, 1897.

s Maryland Geol. Survey, Upper Cretaceous, pp. 90-101, 1916.



Echinodermata:
Echinoidea:
Hemiaster delawarensis.
Hemiaster sp.

Molluseca—Continued.
Pelecypoda—Continued.
Meretrix eretacea.
Panope decisa.
Martesia cretacea (?).
Teredo irregularis.

Name and correlation.—The formation was named from
Matawan Creek, N. J., a tributary of Raritan Bay, near which
large and typical deposits of it are well exposed. The name
was proposed by W. B. Clark?! in 1894 and replaced the term
“Clay marls,” previously used by the New Jersey geologists.
The fossils of the Matawan formation furnish evidence of its
Upper Cretaceous age and apparently indicate that it is the
equivalent of a part of the Senonian of Europe.

Thickness—The maximum thickness of the Matawan forma-
tion in the Elkton and Wilmington quadrangles is about 65
feet. One of the sections given above shows a thickness of 54
feet, which includes practically the entire series of Matawan
strata represented along the Chesapeake & Delaware Canal.

Like many other formations of the Coastal Plain, the beds
thicken as they dip beneath later deposits, but the records
of wells which have penetrated these formations do not indi-
cate the rate of thickening.

Stratigraphic relations.—The Matawan formation rests uncon-
formably upon the eroded surface of the Magothy, as is well
shown along the canal between the Pivot Bridge and the east-
ern margin of the Elkton quadrangle. The Matawan also
overlaps both the Magothy and the Raritan in the vicinity of
‘Red Lion, where it rests directly upon' the Patapsco red clay
beds. It is conformably overlain by the Monmouth. The
Matawan and the Monmouth are separated into two formations
chiefly by differences in lithology but in part by differences in
their fossils. Although some organic forms range through both
the Matawan and the Monmouth, yet each formation contains
a few characteristic forms, the assemblage in each being on the
whole fairly distinctive. The formation strikes northeastward
and dips southeastward at the rate of about 25 feet to the mile.

MONMOUTH FORMATION.

Areal distribution.—The Monmouth formation is well repre-
sented by numerous outcrops along the streams in the southern
third of the Wilmington quadrangle and in the southeast cor-
ner of the Elkton quadrangle. Over the divides it.is concealed
by a thin cover of Pleistocene materials, but it appears at the
surface along almost every stream in those areas. The best
exposures occur along the line of the Chesapeake & Delaware
Canal between St. Georges and Summit Bridge. In its wider
distribution the formation has been recognized by outcrops in
a zone extending from the northeastern part of this area to
Raritan Bay in New Jersey.

Lathology.—The formation is arenaceous and unconsolidated
except where it is indurated by the segregation of ferruginous
material derived from the glauconite. The sands range in
color from reddish brown to dark green or nearly black. The
fresh material invariably contains considerable glauconite,
which gives to the deposits their dark color. The more
weathered sands generally range from rich brown to reddish
brown, but at some places they are dark gray.

M. I. Goldman, who has studied in great detail two c4amples
of Monmouth material obtained from the south bank of the
canal 14 miles west of St. Gteorges, says that the coarser parti-
cles consist of rounded or botryoidal grains of glauconite and
angular grains of clear quartz, most of them pitted. The finer
particles consist of quartz, glauconite, weathered feldspars,
magnetite, red garnet, epidote, aragonite, staurolite, tourmaline,
rutile, augite, biotite, muscovite, green zircon, enstatite, horn-
blende, apatite, andalusite, kyanite, limonite, siderite(?),and much
clay and calcareous and carbonaceous matter. The particles of
glauconite were unusually fresh, and limonite was scarce, as it
usually is in unweathered material. The calcareous material
was evidently derived from shells of mollusks, which occur here
in great numbers, though some of it may have been derived

from the thin shells of Foraminifera that have now disappeared..

The Monmouth beds of New Jersey, which are continuous
with those of this region, have been differentiated into three
members. These divisions have not been recognized in the
Elkton and Wilmington quadrangles. Sections of Monmouth

and other formations have been given under the heading

“Matawan formation.”

Paleontology.—The Monmouth formation is generally very
fossiliferous, and the fossils are usually well preserved. They
consist of foraminifers, pelecypods, gastropods, and cephalo-
pods. Among the most abundant are Hrogyra costate Say,
Gryphaea vesicularis Lamarck, and Belemnitella americana
Morton. They are typical Upper Cretaceous species.

During the excavation of the Chesapeake & Delaware Canal
from 1825 to 1829 large collections of fossils were made, and
numerous marl pits in the vicinity of St. Georges furnished
additional material. In places layers were composed almost
entirely of the shells of Ezogyra costata and Gryphaea vesicu-
larts.  One of these layers was encountered in the excavation
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for the locks at St. Georges. Many of the forms were
unusually large. Morton mentions one specimen of Ezogyra
costatg that measured 8 inches in diameter. Fossiliferous beds
are now exposed at several places along the south bank of the
canal between St. Georges and the crossing of the Philadelphia,
Baltimore & Washington Railroad, and firm shells of Ezogyra
and Gryphaea can be picked up in fields where they were
thrown many years ago when the greensand marl was exten-
sively used as a fertilizer.

Gardner 2 has described the following molluscan forms from
the Chesapeake & Delaware Canal and near by:

Cephalopoda;:
Belemnitella americana. Locality 1.
Gastropoda: '
Rostellites nasutus. Locality 2.
Piestochilus bella. Locality 2.
Polynices altispira. Loecality 2.
Pelecypodas:
Nucula slackiana. Locality 2.
Cucullaea vulgaris. Locality 2.
Cucullaea carolinensis. Locality 1.
Ostrea larva falcata. Locality 2.
Exogyra costata. Localities 1, 2.
Gryphaea (Pycenodonte) vesicularis. Localities 1, 2.
Gryphaea (Gryphaeostrea) vomer. Localities 1, 2.
Pecten gquinquecostata. Locality 2.
Anomia argentaria. Leocality 2.
Anomia tellinoides. Loeality 1.
Pholadomya occidentalis. Locality 1.
Cardium ktimmeli. Locality 2.
Panope monmouthensis (?). Locality 2.
Locality 1. Post No. 156, Chesapeake & Delaware Canal.
Locality 2. Farm of John Higgins, 2 miles west of Delaware City.

Name and correlation.—The name of the formation was first
proposed by W. B. Clark,? in 1897, when it was decided to
combine in a single formation the deposits formerly included
in the Navesink and Redbank formations. The name is
derived from that of Monmouth County, N. J., where the
deposits are typically developed. The formation is the
“Lower Marl bed” of the earlier geologists in New Jersey.
Its marine fauna is like that of the Upper benomdn of Europe,
with which it has been correlated.

Thackness.—Along its outcrop in the Elkton and Wilming-
ton quadrangles the Monmouth formation is 80 to 100 feet
thick. In northern New Jersey it is about 200 feet thick, but
its thickness steadily decreases toward the southwest, along the
strike, until it disappears in the vicinity of Potomac River.

Stratigraphic relations.—The Monmouth is conformable with
the underlying Matawan and with the Rancocas, which overlies
it in adjoining areas in Delaware and New Jersey. Within
these quadrangles it is overlain unconformably by Pleistocene
deposits. The Monmouth is readily distinguished from the
Matawan, as it lacks the darker micaceous sands and marls of
that formation, and it is distinguished from the Rancocas by
the great predominance in it of reddish-brown sand. The
Monmouth formation strikes northeastward and dips southeast-
ward at the rate of about 15 to 20 feet to the mile.

TERTIARY SYSTEM.
PLIOCENE (é) SERIES.

The only deposits of supposed Tertiary age in the Elkton
and Wilmington quadrangles constitute the Brandywine for-
mation. Lithologically and structurally these deposits closely
resemble the Pleistocene formations, but their general character,
firmly indurated layers, and occasional greatly decomposed peb-
bles suggest a formation much older than any known Pleistocene
deposit of the province, and justify their provisional reference
to the Pliocene. A short distance south of these quadrangles
fossiliferous marine deposits of undoubted earlier Tertiary age
are well represented, but if these were ever formed in the Elk-

* ton and Wilmington quadrangles they were removed by erosion

in pre-Pleistocene time.
BRANDYWINE FORMATION.

Areal distribution.—The Brandywine deposits form wide
terraces elsewhere in the Coastal Plain, and there is little doubt
that they once extended over the greater part of these quad-
rangles, but they have now been completely removed by erosion
from the Wilmington quadrangle and only small masses of
them remain in the Elkton quadrangle. At several places in
the parts of these quadrangles that lie within the Piedmont
Upland thin beds of waterworn pebbles and cobbles found on
the stream divides are probably residual fragments of the
Brandywine formation, but these thin beds are so small that
they have not been mapped. Thicker remnants of these once
extensive gravel beds cap several isolated hills in the south-
western part of the Elkton quadrangle.. The most prominent
of these is Egg Hill, but the formation is best exposed on a
slightly lower hill about a mile west of Egg Hill. The for-
mation occurs also on the tops of several hills on the western
margin of the Elkton quadrangle north of Charlestown. Gravel
that caps somewhat lower hills at several places on Elk Neck is
for convenience mapped with the Brandywine formation, yet it
probably represents a later stage of deposition, which, however,
was earlier than the Sunderland stage. The Brandywine for-
mation thus includes early and late Brandywine gravel.

1Clark, W. B, Origin and classification of the greensands of New
Jersey: Jour. Geology, vol. 2, pp. 161-177, 1894.

2 Maryland Geol. Survey, Upper Cretaceous, pp. 90-101, 1916,
8 Clark, W. B., Bagg, R. M., and Shattuck, G. B., op.. cit.

Lithology.—The Brandywine formation is composed of gravel,

- sand, and loam, which were so imperfectly sorted by the waves

of the Brandywine sea that they are now intermingled in pro-
portions that differ from place to place. Although the forma-
tion as a whole can be divided into two parts, a lower part
consisting mainly of gravel and an upper part consisting mainly
of sand and loam, yet these materials are in places confusedly
mixed together, and no stratum consists wholly of any particu-
lar kind of material. Irregular beds or lenses of loam, sand, or
gravel also occur in the formation and are exposed in many
places in the FElkton quadrangle. The gravel consists of
pebbles that are considerably decayed, and at some places
they are rather small though at others they are very large.
They are embedded in a coarse, compact sand or very stiff
clayey loam. The appearance of the gravel also changes from
place to place; at some places the pebbles are covered with a
dark-brown ferruginous coating, but at others they have no
such coating. The heterogeneous character of the deposit
shows that it was derived from various sources. The pebbles of
quartz and of crystalline rock which it contains were probably
derived from the Piedmont region; the broken iron crusts were
derived mainly from the Cretaceous formations near by; and
some decayed blocks of sandstone were derived from the New-
ark group. Most of the gravel consists of fragments of quartz.

The small proportion of sand in the Brandywine deposits
seems to have been derived mainly from beds of the Potomac
formation. Lenses of sand occur at many places in the gravel
deposits, but most of them are neither thick nor of great areal
extent. The sand is generally a matrix for the gravels or is
intimately mixed with the loam.

One mile west of Egg Hill the Brandywine deposits have
been extensively dug for use as road material, and the section
there exposed is fairly typical of the formation in this vicinity.

Section 1 mile west of Egg Hill, Cecil County, Md.

Brandywine formation: ‘ Feet.
Surficial loam __ . e 1
Band of gravel and clay intimately mixed; the pebbles

are composed of vein quartz or compaet quartzitic
sandstones averaging three-eighths of an inch in diame-
ter and the matrix is a ferruginous clay that acts as a
firm binding material ... ____ . 5
Band of gravel and ferruginous sand; pebbles rounded
to subangular, the largest 2 inches in diameter, and
contained in a matrix of ferruginous sand ; a few lenses
of pebbles are cemented by limonite so that they can

be used for rough foundation stone ____________________ 5
Band of gravel in loose, slightly ferruginous sand not
distinetly separated from overlying layer (exposed).... 8

Topographic empression.—As is noted under the heading
“Topographic divisions” (p. 4), early Brandywine deposits
rest upon the surface of a peneplain that is widely preserved
in the Piedmont Upland, and late Brandywine deposits lie
upon the mature slopes that are cut in the early Brandywine
peneplain and that decline gently southeastward.

Paleontology.—No fossils have been found in the Brandywine
deposits in the Elkton-Wilmington area. Pebbles containing
Paleozoic fossils have been found in the formation at many
places but are of significance only because they show the source
of the materials. Fossils from similar deposits in Virginia are
merely reworked Miocene forms derived from the underlying
rocks. At present<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>